
75 Cents 


and Spate Tethnology 


A McGraw-Hill Publication 

Hughes Active Communications Satellite 


December 12, 1960 

SPECIAL REPORTS: 

BS 75 Turbofan 


Continental 217 





Integrated motorpump tor one of i 


Final testing, evaluation and assembly is performed 
in a special, surgically clean room. Thus, once parts 
are super-cleaned, no additional contamination is 
introduced. 


AERO HYDRAULICS DIVISIOP 

VICKERS INCORPORATED 

DETROIT 32, MICHIGAN , 


TORRANCE, CALIFORNIA 
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CAPABILITY 

is spelled 

a-u-x-i-l-i-a-r-y 

p-o-w-e-r 

In technology and facility, Vickers 

continually matches your need 

Experience gained on every type of military aircraft 
and commercial airliner plus numerous missile applica- 
tions assures top performance from every Vickers 
auxiliary power package. Either complete and separate 
power generating systems or motorpumps can be pro- 
vided depending on specific application requirements. 

Precise performance evaluation — particularly on 
motorpumps— can often be provided even before the 
final package is developed from proved standard ele- 
ments by building up prototype units and subjecting 
them to feasibility and performance tests. From these 
prototypes come the ultimate custom designed pack- 
ages providing a high order of reliability and requiring 
minimum input power — all in a compact, lightweight 
envelope. 

Additional data is available in two new Vickers 
bulletins: A-5239 “Power Systems" and A-5258 
“Motorpumps”. Write for your copies to either 
address listed below. 


New MARQATRON by Marquardt/Pomona produces 
instant visual read-out from high-speed processed data 


At the push of a button, any operator— skilled or unskilled 
—can read the answers of the fastest, most complex com- 
puters. The Marqatron, an automatic data processing and 
display device from the Pomona Division of The Marquardt 
Corporation, instantly displays processed data in under- 
standable alpha-numeric and/or geometric patterns. The 
Marqatron— an advanced version of the Digitron— opti- 
mizes the efficiency of the man-machine relationship pro- 
viding the viewer with pertinent information necessary 
to make immediate and intelligent control decisions, or to 
interpret any test or situation. Visual images are presented 
on a cathode ray screen. 

Marqatrons are presently in operation in the U.S. Army 
Missile Master Program providing defense officers with 
surveillance information necessary to the deployment of 
all missile ordnance. 

A modified Marqatron is being used on the Eagle Program 
by Bendix helping to determine the behavior of an experi- 
mental aerodynamic vehicle. 

The uses of the Marqatron are limitless in the fields of 
data processing, display, and large scale projection systems. 
For detailed information on applications and new develop- 
ments contact Dr. Wendell B. Sell, Vice President, Pomona 
Division, The Marquardt Corporation, 2709 North Garey 
Avenue, Pomona, California. 


(A) COMMAND CONTROL-Visual displays for satellite 
tracking, defense intercept and missile training. 

(B) AIR TRAFFIC CONTROL— Accurate positional data 
for enroute approach, ground control, and for identification 
of air traffic. 

(C) PAGE PRINTING FORMATS -Temporary readout 
of multichannel data for visual program verification. 
Scientists and engineers experienced in these or related 
fields will find it rewarding to discuss their career futures 
with The Marquardt Corporation. 


All components of Vickers auxiliary power units are 
subjected to thorough inspection by skilled techni- 
cians following evaluation tests. New size of standard 
element is shown being inspected following 40,000 
rpm cycle test. 




SILICONE NEWS from Dow Corning 


Over-the -Weather Seals 



Silastic: Seals at Extreme 
Temperatures and Altitudes 

The new Convair 880 is designed to fly over most bad weather along 
intercontinental jetliner routes. So that its passengers can ride in air 
conditioned comfort, the cabin window seals must be designed with mate- 
rials that resist the —60 F temperatures and ozone content of high alti- 
tudes. That’s why engineers at Convair, San Diego, Division of General 
Dynamics Corporation chose Silastic®, the Dow Corning silicone rubber, 
as the seal for the more than 80 windows of the 880 Jet-Liner. 

Silastic is flexible and rubbery at — 130 F and does not harden and crack 
when exposed to ozone. This permits efficient and long lasting seals that 
stay in place . . . keep cabin air leakage and heat loss to a minimum . . . 
maintenance to detect and repair leaks is not required. 

And there are oilier exposed seals, too, designed with Silastic. For example, 
the Convair 880’s nose wheel door closes on a seal made of Silastic. Most 
rubber fabricators supply gaskets, seals, O-rings and other rubber parts 
made from Silastic. Why not investigate? 



New brochure — “Silicones 
Solve Space Age Problems” 
Write Dept. 1012* 


Dow Corning corporation 


AVIATION CALENDAR 

Dee. 26-31-1 27th Meeting, American As- 
sociation for the Advancement of Science, 
New York, N. Y. 

Dec. 28-30— Seventh King Orange Inter- 
national Model Plane Meet, Miami, Fla. 

Jan. 9-11— Seventh National Symposium on 
Reliability and Quality Control. Bellc- 
vue-Stratford Hotel, Philadelphia, Pa. 

Jan. 9-13— International Congress and fe- 
ncers. Coho Hall. Detroit,^ Mich. " S 

Jan. 15-18— 13th Annual Convention, Heli- 
copter Assn, of America, Cherrv Hill Inn, 
l laddon field, N. J. 

Jan. 16-18— Seventh Annual National Meet- 
ing, American Astronautical Society, Dal- 
las, Tex. 

Jan. 17-19-Winter Instrument-Automation 
Conference & Exhibit, Instrument Soci- 
ety of America, Jefferson Hotel and Kiel 
Auditorium, St. Louis, Mo. 

Jan. 23-25— 29th Annual Meeting, Institute 
of the Aeronautical Sciences, Hotel Astor, 
New York, N. Y. Honors Night Dinner, 

Feb. 1-3— Second Winter Military Elec- 
tronics Convention, Institute of Radio 
Engineers, Ililtmorc Hotel. Los Angeles. 

Feb. 1-3-Solid Propellants Conference. 
American Rocket Society, Salt Lake City. 

Feb. 14-16— Second Annual Symposium on 


:ers, Sheraton Hotel, Philadelphia. 
(Continued on page 6) 
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Major successes in the nation’s accelerated space vehicle and missile 
programs include precision sheet metal components made by Lavelle. 
Among these is the fabrication by Lavelle of the structure of the 
new U. S. earth-circlingTIROS weather observation satellite produced 
for the National Aeronautics and 


Space Administration by the Astro- 
Electronics Products Division, RCA. 
An artist's view of TIROS in orbit 
is shown above. 


Pictured also is the recovery of the 
first successful RVX series re-entry 
vehicle after ICBM range flight. The 
aluminum alloy nose cone structure 
for this test was fabricated by Lavelle 
under sub-contract from the General 
Electric Company's Missile and Space 
Vehicle Department. 


Some of the reasons why Lavelle has 
been selected to be a part of such 
dramatic projects are illustrated in a 
new brochure. Write for your copy. 


s -;.v 


law®* 




LAVELLE AIRCRAFT CORPORATION • NEWTOWN, BUCKS COUNTY, PA. 

Between Philadelphia, Pa., and Trenton, N.J. 
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...the heart of precision navigation 


The directional gyro continuously syn- 
chronized to the earth’s magnetic field 
... the Sperry Gyrosyn® Compass that 
revolutionized heading information for 
flying when it was introduced in 1944 . . . 
is still at the heart of precision aircraft 
navigation. Today there is a Gyrosyn 
Compass System for all types of aircraft 
— military, commercial, executive and 

The Gyrosyn combines the functions 
of both a directional gyro and a magnetic 


compass. The differences in the particu- 
lar models— which include the C-2, C-4, 
C-8, C-9, C-10 and C-l 1-relate to size, 
weight, performance and cost consistent 
with the application. 

The C-2 is the lightest and most com- 
pact system available, weighing only 814 
pounds. The transistorized C-l 1 incor- 
porates Rotoracc® suspension to hold 
random drift within ± 0.5 degrees an 
hour in “free-gyro" operation on trans- 
polar routes. As Doppler navigators 


come into widespread use, Gyrosyn sys- 
tems will be a “must” in meeting critical 
accuracy requirements. 

Sperry has produced and sold more 
high-accuracy compass systems than ail 
other manufacturers combined. 



SPERRY PHOENIX COMPANY, DIVISION OF SPERRY RAND CORPORATION, PHOENIX, ARIZONA 


PILOT'S GRIP BY SWEDLOW: A STUDY OF 
ADVANCES IIM REINFORCED PLASTICS 


This pilot’s hand grip must withstand 500 lbs. fore and aft pressure; 200 lbs. 
lateral pressure, yet be light in weight. It must contain a handful of electrical 
controls; over a score of connections— so it must have dependable electrical 
properties. Quite a problem. The Swedlow answer: an epoxy resin system and 
two forms of glass fabric ... plus an ingenious multi-step molding and curing 
process to get the most from the materials. Result: a handle which meets speci- 
fications, needs only one-shot machining. The techniques and proprietary proc- 
esses developed to solve this problem represent the most advanced skills and 
insight necessary for plastics fabrication today and tomorrow. 


SWEDLOW Inc. 





The Aynet System 

creates a new Concept of Time 


The new Beechcraft L-23F . . . 


A normally expedient shipping time for your order would be 9:27, as shown by the hands on the 
clock above. The A vnel System would ship at 6 : 1 8. The few hour difference (or few day difference) 
might not be crucial. But if time is an important factor, use The Avnct System, Avnct Standard 
Time and Avnct Standard Procedures ship your order faster than any other major source for 
electronic components. 

This new Concept of Time is one of the many advantages in The Avnct System. Avne! maintains a 
network of Sales Engineers traveling the U.S. Each engineer has his counterpart in a Service Center 
Expediter. Tremendous slocking facilities are maintained strategically throughout the country. Avnel 
maintains and operates complete assembly facilities for Connector Prototype requirements. Avnct’s 
Concept of Time may gain you minutes, hours, days, money. Contact your nearest Service Center 
in The Avnct System, 


AVNET 


THE AVNET SYSTEM 

Men / Methods / Materials / Managi 

AVNET ELECTRONICS C O R P. 




Meeting the U. S. Army’s requirement for a modern 
high-performance, low-cost transportation system 


Already serving the U. S. Army, the versatile new 
Beechcraft L-23F is the latest in a long line of high- 
performance training and utility aircraft which Beech 
Aircraft Corporation has designed, developed and pro- 
duced for the military services since 1932. 

With supercharged fuel injection engines, the L-23F 
combines high altitude cruise power with exceptional 


short field performance, rugged durability and low 
operating costs to meet a wide range of needs ... as 
a command liaison or personnel transport, a carrier 
of high-priority cargo, an aerial ambulance, or a multi- 
engine instrument trainer with a “big plane” feel. De- 
signed and engineered for future pressurization and 
turbo-prop modification. 



BEECH AIRCRAFT CORPORATION • WICHITA 1 







CALL 

LIQUIPOMETER 

for imaginative instrumentation 
-electronic and electromechanical 


Liquidometer's long experience in electronic and electromechanical instrument and control systems, coupled 
with the will and the facilities to pioneer, offers all industry unmatched measurement and control. 

Let’s talk about how we can supply imaginative instrumentation to support your full range of 
projects. Our ability in design, development, and production for a variety of applications in 
aero-space, marine, railroad, and industrial areas has already established Liquidometer responsibility. 

This revealing new brochure describes Liquidometer's comprehensive capabilities . . . just write. 



A radical new scale of values in space-time-terrain photogrammetry is created by the photo-electronic Ultraviewer, 
developed by the Nuclear Research Instruments Division of Houston Fearless Corporation for definitive subject identification, dimen- 
sional measuring, and automated processing of coordinates. The advanced projective/analytic powers of the Ultraviewer, functioning 
at millisecond speeds and micron accuracies, enable intelligence specialists to make critical observations, analyses and deductions 
previously unattainable. The Ultraviewer, another key component of the Westwood Division's IAI system for information acquisition 
and interpretation, increases the strategic, tactical and scientific significance of photogrammetry. One of the most advanced programs 
of the Westwood Division's research and development team is real time application for photogrammetry. Inquiries on the Ultra- 
viewer and the IAI system will receive immediate attention. Scientists and engineers wishing to participate in these advanced 
programs will be given every consideration. Westwood Division, ^||| Houston Fearless Corporation, Los Angeles 64, California. 




... a new structural system interlocking Min-K insulation and high-temperature reinforced plastic 


an insulation with protective high-temper- 
ature facings. 

Problem is how lo effectively combine 
these materials into a structurally strong 
unit? The answer is Min-Klad Interlok 





I) Outer facing. 2) Interlocking web. 3) Core, 
any one of several Min-K formulations, and 


—a new structural system that interlocks 
Min-K insulation and reinforced plastic, 
metal or other high-temperature facings. 

The result: one product that gives the 
missile designer every advantage of high- 
temperature plastic or metal foil- 
strength. toughness, rigidity! Erosibn re- 
sistance! High heat capacity! 

. . . plus the outstanding advantages of 
Min-K insulation— an insulating core that 
has the lowest thermal conductivity avail- 
able forservice temperatures up to 2000°F 
steady-state, and higher for transients. 
Min-K's thermal conductivity is actually 
lower than the molecular conductivity 
of still air. 

Wide range of facings 

For the hot face, the missile designer can 


specify Min-Klad Interlok in a wide 
variety of heat-resistant and/or ablating 
materials— asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
ments, the cool face can be made of a 
different material— for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 

Like all J-M Aviation insulations. Min- 
Klad Interlok is factory-fabricated to 
your spccilications into external skin 
panels, heal shields, cylindrical liners or 
component housings of any shape or sire. 
Write today for technical spccilications. 
Address Johns-Manville. Box 14, New 
York 16. New York. In Canada. Port 
Credit, Ontario. 



Johns-Manville || 



(rivetless plate nuts) 


.S. & Foreign Patents Pending 


take a tip from CONVAIR . . . 

save time. ..save money 

...simplify maintenance 


specify 

SHUR-LOK 


CUP NUTS 




SAVI 1STG-: *400,000! 

Sounds fantastic, doesn't it? Yet this is Convair's estimate for substituting SHUR- 
LOK CLIP NUTS for plate nuts in the production of 61 transport aircraft. 

HOW IS THIS POSSIBLE? Since SHUR-LOK CLIP NUTS perform the same function 
as plate nuts but require neither rivets nor installation tools, up to 30$-per-hole 
saving can be realized. Two fingers and two seconds are all it takes. 

REPLACEMENT? With no rivets to be drilled out, replacement is about a ten-second 
process. Saving here can be up to $1.00 each! 


SHUR-LOK CORPORATION • 879 SOUTH EAST STREET, ANAHEIM, CALIFORNIA 








THREE REASONS WHY 
BENDIX BRAKES ARE BETTER 

IMPROVE CONTROL 


SAVE MONEY 

SAYS THE CONTROLLER. 

By their own careful accounting, 
airlines have found that Bendix® 
brakes combine economy with 
performance. Cost records kept by 
those airlines which are using the 
new jet transport aircraft equipped 
with Bendix brakes prove that 
they offer sure savings along with 



When 150 tons of aircraft touches down at 
jet-landing speed, Bendix experience pays 
off for the pilot in safe, sure braking control. 
This better performance is possible be- 
cause of the superior materials and designs 
developed by Bendix — world’s most ex- 
perienced brake manufacturer. 



Bendix JESS’.™ South Bend, ind. 



REDUCE TURN- 
AROUND TIME 

SAYS THE MAINTENANCE CHIEF. 

Airlines cannot show profits on 
planes in the shop. That’s why 
maintenance men prefer Bendix 
brakes for long, dependable service 
life. Every day Bendix brakes are 
proving more than a match for 
the demands of jet transport 
service. Dependable Bendix 
brakes help keep airliners in serv- 
ice, making money! 




Grumman 

Gulfstream 


newest business aircraft 
equipped with Kelsey-Hayes 
wing-flap actuators 


QjIecSP This new twin turbo- 
prop business airplane 
carries up to 12 passengers in 
pressurized comfort well above 
30,000 ft. and at airspeeds 
exceeding 350 mph. 


Capable of operating from 
short runway airports, 
Gulfstream gets its wing flap 
action from a hydro - mechanical 
actuation system designed and 
produced by the Steel 
Products Engineering Company, 
our division in Springfield, Ohio. 


SPECO, a supplier to 
the aircraft industry for over 40 
years, also produces helicopter 
transmissions, lightweight 
special hoists, precision radar 
antenna mounts, precision 
gears and gear assemblies for 
the aerospace industries. 
Kelsey-Hayes Company, 

Detroit 32, Michigan. 


KELSEY 

HAYES 






The Tactical FIELDATA Computer Designed and Built by Philco 


Baaicpac is a rugged, mobile, solid state data processing 
system, being developed by Philco in conjunction with 
the U.S. Army Signal Corps (or use in forward area tacti- 
cal situations. 

This unique development is directed towards an inte- 
grated automatic data processing system (or the entire 
field army ... in logistics, administration, intelligence, 
command support and fire support. Basicpac can be 
transported and operated in an S-109 shelter mounted on 
a 234-ton truck or operated from a fixed installation. 

In the development of Basicpac, Philco made full use 
of the most advanced techniques in solid state circuitry 
and semiconductor components. The goal is a compact 
general purpose data processing system that will be 
rugged, flexible, reliable, easy to operate and maintain 
under the severe conditions of field operation. 



Basicpac is capable of handling such diverse applica- 
tions as weapon-target allocation, converting raw surveil- 
lance and intelligence data into effective decision making 
forms and providing logistics and other administrative 
support activities in combat. 

Basicpac will be delivered in December to the U.S. 
Army Signal Research and Development Laboratory for 
final acceptance testing. 

Basicpac represents still another major achievement 
by Philco that will help to make the U.S. Armed Forces 
the most efficient and capable fighting group in the 
world today. 

Government and Industrial Group, Philadelphia 44, Pennsylvania 
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Space Virtues of Liquids, Solids Debated 26 

►Companies renew battle at Rocket Society meeting; emphasis 
shifts from missiles to launch vehicles. 

Ghana Builds Flag Carrier for 'Prestige' 38 

► Ghona Airways plans mixture of Soviet, Western turbine-pow- 
ered planes, admits line will not aim at showing a profit. 

Continental Tests Light Turbine Engines Ill 

► Model 217 developing 500 shp. is aimed at military and civil mar- 
kets,- applications include helicopters, VT01 and turboprop aircraft. 


SPACE TECHNOLOGY 

Space Virtues of Liquids, Solids 26 

New Capsule for Chimp Tests 28 
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Communication Satellite Orbits 32 
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New Cessna High Wing Aircraft. 
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cation version of same payload, made of lighter material and equipped with 
less fuel for orbital corrections, can be launched into 22.752 naut. mi. high 
orbit from uninhabited equatorial island by relatively inexpensive modified 
NASA Scout four-stage solid propellant rocket (story on p. 52). 
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TAILOR-MADE 
RUBBER 
SHOES 
FOR 
WELL 
DRESSED 
RADOMES 


B. F. Goodrich erosion shoes are 
of special tough rubber for maximum 
protection of expensive plastic radomes and 
antenna covers. They’ve been thoroughly tested, 
they stand up under long-term weathering, they 
meet low temperature flexibility requirements. 
Special fabric -backed rubber compounds provide 
the best combination of high erosion resistance and 
low dielectric impedance. Electrical loss is held to a 
minimum. Equally important— signal transmission 
characteristics are uniform, since thickness of the 
shoe is factory controlled to close tolerances. 

BFG erosion shoes are supplied in one piece, con- 
toured to fit the part. Thus installation is simple, 
requires no special tools. Valuable maintenance 
man-hours are saved. 


The well dressed radome wears a shoe specially 
made for the job. For your requirements contact 
B. F. Goodrich Avialion Products, a division of The 
B. F. Goodrich Company, Dept. AW-12B, Akron, Ohio. 


B.F.Goodrich aviation products 


E D I TO RIAL 


Defense Reorganization Plan 


The Defense Department reorganization plan sub- 
mitted to President-elect John F. Kennedy is a basically 
sound approach to one of the most critical problems 
facing the nation. Sen. Stuart Symington (D.-Mo.), who 
headed the group, has a background in modern defense 
problems matched by few people in active public life 
today. All of his conferees also have been seasoned by 
practical experience in trying to run various parts of the 
Defense Department machinery in the postwar years. 

This defense reorganization plan is aimed at molding 
a defense establishment capable of coping with the prob- 
lems of today and tomorrow in contrast to the earlier 
postwar efforts that were basically aimed at perfecting 
the defense machinery to correct the past errors revealed 
by World War II. It is a forward-looking plan that 
recognizes that the basic problem now facing our defense 
establishment is time. It is this time factor, originating 
in the fantastic advances in propulsion and compounded 
by the technical pace of Soviet military technology, that 
is the key to the success or failure of every phase of the 
defense effort. The committee’s report expressed this 
salient point extremely well in the following language: 

• “First is the unprecedented strategic value of time— the 
ability to react instantly against aggression in this nuclear- 
space age. In World Wars I and II our country had 
at least 18 months to build and mobilize its defenses. 
If there should ever be a World War III, we would be 
fortunate to have 18 min. to react. 

• “Second is the crucial time clement in the United 
States vs. Soviet arms race— the need for early selection 
among alternative weapon systems and for shorter lead 
times between conception and use. 

• “Third is the effect of time on defense cost. Regardless 
of how much the people of this country spend, they 
cannot buy time. Yet we tend to forget the costly effect 
of building weapons which have become obsolescent as 
a result of delay. 

• “Only by giving full recognition to these all-important 
time factors can the defense establishment of the United 
States be strengthened in a meaningful way." 

Civilian Cut Proposed 

The Symington recommendations strike straight to the 
heart of the delay problem in the defense structure which 
is in the vast overlay of civilian secretariat that has been 
added to the office of the Secretary of Defense in the past 
six years. It seeks to leave virtually intact the operational 
activities of the military services themselves and does not 
recommend a single service with single uniform and 
single promotion list. 

We strongly believe that the first and most effective 
attack on delay can be made at the level on which the 
Symington group has taken aim. This superstructure of 
civilian secretariat with its surrounding complex of ad 


hoc committees ad nauseam has been the principal 
cause of stretching out an already complex decision- 
making process in a period when galloping technology 
made compression of this process more vital than ever 
before. Only when this bureaucracy was circumvented 
by special management techniques such as the Air 
Force’s Ballistic Missile Division, the Navy's Polaris 
special projects office or the unique, acidulous techniques 
of Vice Adm. Hyman Rickover has new technology 
flowered into major weapon systems in sufficient time 
t<> be militarily effective. It may be politically unpalat- 
able for the incoming Administration to abolish 22 high 
level jobs in the Defense Department secretariat that 
normally would be available to “deserving Democrats” as 
a reward for political services. But this may be a good 
yardstick by which to measure just how earnest the new 
President will continue to be about solving the basic 
defense problems. 

Facing Technical Problems 

The addition of a special assistant to the Secretary 
of Defense for Arms Control is another step in the right 
direction. Hitherto, the problems of disarmament have 
been approached in a vague aura of moralistic cant with- 
out any regard for the very real technical problems any 
genuine effort to achieve this goal would involve. This 
new post could make a tremendous contribution toward 
developing technical methods of ensuring real enforce- 
ment of anns control agreements and guarding against 
this nation stumbling into disastrous technical pitfalls 
such as could easily result from unrealistic nuclear test 
ban agreements. 

Any measures than can transform the Joint Chiefs of 
Staff from a debating society into an over-all strategic 
planning and decision-making group will also contribute 
toward a better defense posture. There are many other 
aspects of the Symington group's proposals that deserve 
fuller discussion than this space permits and we know 
there will be no lack of public debate on these proposals 
in the ensuing months. Heavy fire is certain to be 
directed against them and any other programs with 
similar aims by the military mossbacks and the political 
logrollers who will fight bitterly to preserve personal 
prerogatives regardless of the cost. 

We predict that these perennial snipers at attempts 
to modernize the Defense Department machinery will 
find surprisingly little public support in this debate. The 
American people are pretty well convinced of the neces- 
sity for streamlining and modernizing our defense estab- 
lishment in keeping with the technological pace on 
which it must be based. They are growing more and 
more intolerant of the waste, delay and self-seeking 
service sniping that already has been tolerated far too 
long. 

—Robert Hotz 
21 
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REACTION CONTROL SYSTEMS BY KIDDE 
are highly reliable, now in production. Today 
being used on the NASA Scout, Air Force Thor, 
and the Air Force HETS, they are low in cost, 
light in weight, highest in performance. Kidde 
systems use mono-propellant, bi-propellant, cold 
gas, or solid fuels. Thrust motors from 2 to 600 
pounds. For repeatability, response, and reliability 
in reaction control equipment, Kidde can serve 
you best! Write to Kidde today outlining your 
reaction control requirements. 

Kidde Aero-Space Division 

Walter Kidde & Company, Inc., 1218 Main St., Belleville 9, New Jersey 

Waller Kidde-Paeillo, Van Nuys, California • Waller Kidde 4 Company of Canada Ud., Montreal, Toronto, Vancouver 
Oislriel Sales Engineering Offices: Dallae, Texas - Dayton, Ohio • St. Louis. Mo. • San Diego, Calif ' Seattle. Wash. • Van Kuys, Calif. • Washington, 0. 0. 
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Honors and Elections 

J. V. Naish, president of Convair Divi- 
sion of General Dynamics Corp., has been 
elected chairman of the board of governors 
of the Aerospace Industries Assn, for 1961. 
H. M. Homer, chairman of United Air- 
craft Corp., was named vice chairman, and 
Orval R. Cook was re-elected president. 

William J. Mitchell, vice president of 
traffic and sales for Bonanza Air Lines, lias 
been elected president of the Air Traffic 
Conference, a division of the Air Transport 
Assn., for 1961 . Elected vice presidents of 
the Conference: William L. Morrisette of 
Eastern Air Lines and C. Gordon Brown of 
Piedmont Airlines. 

Julian I. Palmore, III, a Cornell Univer- 
sity senior, lias been granted the SI, 000 
American Rocket Society-Chryslcr Corp, 
award for his design of a space vehicle 
which, when landed on the moon, would 
radio information about the nature of the 
lunar surface back to earth. 


In the Front Office 

Dr. Jerome B. Wicsncr, a director of 
Sprague Electric Co.. North Adams, Mass., 
and Dr. Jcrrold Zacharias retained as a con- 
sultant. Dr. Wicsner is director of Massa- 
chusetts Institute of Technology’s Research 
Laboratory of Electronics, and Dr. Zach- 
arias is a professor of physics at MIT. 

Dr. Lloyd V. Bcrkner, president. Gradu- 
ate Research Center, Dallas, Tex. Dr. Berk- 
ncr, formerly president of Associated Uni- 
versities, Inc., will be succeeded by Dr. Le- 
land J. Haworth, vice president of AUI and 
director of the Brookhaven National Lab- 

Joseph E. Callahan, commercial vice 
president, Cleveland Pneumatic Tool Divi- 
sion, Cleveland Pneumatic Industries, 
Cleveland, Ohio. 

Winton S. Smith, vice president-market- 
ing. and Eugene T. Ferraro, vice president- 
customer services, Kearfott Division of Gen- 
eral Precision, Inc., Little Falls, N. J. 

Canadair, Ltd., Montreal, Canada, has 

Sf Fincham-military relations; K. H. 
Larsson-commcrcial sales outside North 
America; J. A, Morlcy-North American 
commercial sales; G. C. Kcefcr-administra- 

George H. Mcttlcr, a vice president, 
Textron, Inc., Providence, R. I. Charles D. 
Brown succeeds Mr. Mettler as president of 
MB Electronics, a division of Textron Elec- 

Walter Heucr, vice president of Varig 

Lt. Gen. Patrick W, Timberlake (USAF. 
ret.), corporate vice president of Northrop, 
will head the company's International Divi- 
sion, succeeding J. G. Nettleton, who has 
resigned to accept a position with Interna- 
tional Telephone & Telegraph Corp. 

Lt. Col. William J. Nelson, chief, Anti- 
Missile Missile and Space Defense Office, 
Army Rocket and Cuidcd Missile Agency, 
Huntsville, Ala., succeeding Lt. Col. Claude 
C. Young, who will report to Korea for 
duty. 

(Continued on page 156) 


INDUSTRY OBSERVER 

► RVX-2 re-entry vehicle program will evolve into a program called Arc, 
for advanced re-entry concepts, to study maneuverable nose cones. Atlas- 
boosted Arc will basically be an RVX with fins and will use a number of 
different shield configurations. Lift/drag ratio will be 0.5-0.7. and both 
parachute and landing skid recovery for water and ground landing will be 
tried. Arc will be unmanned, but successor vehicles may be piloted. 

► Development of a reconnaissance satellite providing a very high resolution 
pictorial image is being considered by Air Force. It would carry a 40-ft. 
focal length camera capable of distinguishing 1-ft. long objects from an 
orbital altitude of 250-300 n3ut. mi. 

► Second USAF-Lockheed Samos reconnaissance satellite is tentatively 
scheduled to be launched before the end of this month from an Air Force 
pad at Navy’s Pt. Arguello, Calif., facility. First Samos launch failed to put 
the payload into orbit last October. Next Midas infrared early warning satel- 
lite test flight is scheduled for mid-January. 

► Proposals from four contenders for Project Surveyor— North American 
Aviation, McDonnell Aircraft, Space Technology Laboratories and Hughes 
Aircraft— are due Dec. 15. Contract award for the National Aeronautics and 
Space Administration soft lunar landing vehicle is scheduled for late next 
March. 

► USAF’s proposed Positive Control Bombardment System (AW Dec. 5, 
p. 26) is being investigated under Study Requirement 199A as a part of 
Defense Department Ballistic Missile Committee’s general category of 
advanced weapon system studies, which are grouped under SR-199. These 
bombardment satellites would be put into orbit by the USAF-Martin 
Titan II. 

► Proposed USAF global communications satellite known as Project Csar 
(AW Dec. 5, p. 26) is being studied under SR-178, issued last February. 
Aimed at a highly reliable strategic system to facilitate alert and reaction 
communications, Csar would weigh 3,800 lb., use solar cells for power and 
be operational by 1965. Atlas-Centaur is the probable launch vehicle. 

► Breguet is studying a smaller version of its 940 STOL project to meet 
a new French air force competition for a light STOL transport (AW Nov. 
14, p. 23). Designated the 945, the aircraft would use the blown-wing 
principle and would be powered by two Turbomeca Turmo HID free tur- 
bine engines operating four propellers. 

► Hughes Aircraft has delivered its first Mobot, an underwater robot earned 
to its operational site by a hydrocopter which operates in water tlic same way 
a helicopter flies in air. Mobot lias articulated, remotely operated arms with 
tools at the extremities for performing various jobs. Hvdrocopter is three- 
bladed, driven by underwater reaction propulsion units near the blade tips. 

► Lockheed's California Division is building a company-funded prototype 
STOL aircraft and an improved version of the prototype helicopter which 
was destroyed in a crash last spring during a test flight near Newhall, Calif. 

► Physiological instrumentation for X-15 pilots is built into a small package 
mounted behind the cockpit and connected through his suit to sensors on 
or near the pilot. Pack was developed by North American Aviation and 
measures differential pressures between cockpit and suit and between suit 
and helmet, as well as body surface temperature, electrocardiogram and 
respiration rate. 

► Company-funded study of three Polaris mobile launch concepts under 
way at Puget Sound Bridge & Dry Dock Co. includes truck, rail and river- 
launch systems. Lockheed subsidiary's study is for a Polaris-type North 
Atlantic Treaty Organization ballistic missile. 
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Atmospheric Skin Diver. 

Double-walled honeycomb panels of Haynes alloy No. 25 may 
form the “skin” of a rocket-propelled space glider, predicts a major 
aircraft company. Already successfully tested, these panels are 
designed to withstand the terrific temperatures generated as the 
glider dives back into the earth’s atmosphere. 

To safeguard the plane’s 30 passengers and crew from this blazing 
re-entry heat, its whole skin, except for leading edges and tail surfaces, 
will be made of the Haynes alloy No. 25 panels. Beneath these, a 
layer of thermal insulation. And liquid circulating through inner walls 
and airframe will lose excess heat to water to be expended as steam. 
Research indicates that a “skin” of this basic type is highly 
practical. And it seems certain that many other tough, heat- and 
erosion-resistant Haynes alloys— some already proved at 
2,000 deg. F. and above— will also be aboard. 

Whether investment- or sand-cast, rolled, wrought, vacuum 
melted or air melted, there’s a Haynes high-temperature alloy 
to meet your needs. 


. 1980 Style 
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New Targeting Plan 


Military Candidates 


Critical Budget Action 


Washington Roundup 

First unified strategic targeting plan prepared by the recently created tri-scrvicc 
targeting unit has been approved by Defense Secretary Thomas S. Gates, Jr. Although 
Gates does not consider the plan perfect, he wanted it completed before President 
Eisenhower leaves office in January. 

The target assignment plan takes effect Apr. 1. It gives first priority for delivery 
of weapons to Strategic Air Command’s bomber fleet, where it has been, even though 
most of the fleet is rapidly becoming obsolete. A realistic appraisal of current inter- 
continental missile capability kept ICBMs from the priority list. They have been 
assigned subordinate roles along with other delivery systems farther down the list. 

Gates’ principal objection was to the assignment of several weapons to one target. 
Although one bomb would paralyze a city, 10 are assigned in order to attain a theoretical 
damage of 97%. Gates also objected to the concept of ignoring the problem of fallout 
over friendly territory. 

Leading contenders for Gates’ job in the Kennedy cabinet are believed to be 
Thomas J. Watson, Jr., Roswell Gilpatric and William Foster. Robert Lovett, a 
Republican who held the job under a Democratic Administration, has declined on the 
grounds of ill health. 

Watson, president of International Business Machines Corp., was a senior Air Force 
pilot during World War II with the rank of lieutenant colonel. He is one of five 
Republicans who were critical of the Eisenhower Administration's Fiscal 1961 defense 
budget and policies. 

Watson told Congress last spring that “our national goal should be clear superiority 
over the Soviet Union in all possible areas, and we should believe enough in democracy 
so that we will not be reluctant to fully enter the contest.” 

Gilpatric is chairman of the board of Aerospace Corp. and a former Air Force 
under secretary’, and Foster headed the Gaither Committee, whose report urged a 
great increase in the defense effort. 

Frank Pace, chairman of the board of General Dynamics Corp., will not take the 
defense post as many have speculated, but is expected to accept a major ambassadorship. 


Gen. Curtis Lcrnay, Air Force vice chief of staff, is expected to retire instead of 
moving into the top job, which may be open very early in the Kennedy Administration. 
Best bets for the top job, even though they do not stand at the top of the seniority list, 
are Gen. Thomas S. Power, strategic air commander; Gen. Lawrence Kuter, North 
American air defense commander and Lt. Gen. Bernard A. Schricver, air research and 
development commander. 

Adm. Arleigh Burke, who has been chief of naval operations for three terms, prob- 
ably will be replaced long before his scheduled retirement in June. Leading prospects 
to succeed him arc Vice Adm. John T. Hayward, deputy chief for development; 
Adm. James S. Russell, now vice chief; and Vice Adm. W. F. Raborn. director of the 
Polaris program. 

President Eisenhower, Secretary Gates and Budget Director Maurice Stans last 
week held what may be the last discussion of the Fiscal 1962 defense budget before 
it is frozen. 'Hie total now looks as if it may be no more than S-10 billion. 

David E. Bell, 41, named by President-elect John Kennedy as his new budget, 
director, already has opened an office at the Budget Bureau. Bell served as a White 
House assistant and Budget Bureau examiner and analvst for seven vears in the Truman 
Administration. 

Navy's Missileer aircraft appeared to be out of the Fiscal 1962 budget last week but 
the final decision was being made at the White House. If Douglas loses the Missileer, 
there is a strong possibility that it would get the MATS interim jet cargo aircraft con- 
tract to help ease employment problems at Long Beach (see p. 36). 

This in turn could means that Boeing would be chosen to build the tactical Air 
Command STOL fighter-bomber. But the interim jet also was the subject of a White 
House conference late last week, and the STOL fighter undoubtedly came into the same 
conversation. 

North Carolina Gov. Luther II. Hodges, nominated as Kennedy’s Secretary of 
Commerce, will be a key man in two programs affecting aviation which will be pressed 
by the Administration to counter the present unfavorable balance of payments. 

They arc the increase of aircraft exports and promotion of foreign travel to the 
U. S. The travel balance is now heavily the other way. with U.S. citizens spending some 
$2 billion a year, almost SI billion more than foreign travelers spend on U. S. carriers 
and in this country. 

—Washington Staff 
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Space Virtues of Liquids, Solids Debated 


Companies renew battle at Rocket Society meeting; 
emphasis shifts from missiles to launch vehicles. 

Washington— Rocket engine manufacturers took advantage of the Ameri- 
can Rocket Society's Annual Meeting here last week to renew the old battle 
of liquid propellants versus solid propellants. But this time, the applications 
at issue were large space vehicles instead of ballistic missiles. 

Hie liquid propellant proponents claimed that by the mid-1960s liquid 
rocket engines will be capable of placing payloads “in the order of hundreds 
of thousands of pounds” in earth orbits and of carrying “tens of thousands 
of pounds’’ of payloads to escape velocity for lunar round trips and planetary 
orbiting. Solid propellant rocket engine manufacturers said that even con- 
ceding large liquid engines the head start they already have, solids could 


do the same thing in the same time 
pound payload cost. 

Richard C. Mulready. Pratt & Whit- 
ney project engineer in charge of de- 
velopment of the liquid oxygen-liquid 
hydrogen LR-1 1 5 Centaur rocket en- 
gine, reported that the engine has met 
or exceeded all performance require- 
ments to date. The engine has fired 
continuously for 5J min., the limit of 
test stand propellant tank capacity. 

A program is now under way on Pratt 
& Whitney's vertical test stand in West 
Palm Beach, Fla. to simulate the Cen- 
taur vehicle system by testing the pro- 
pellant supply system with a dual en- 
gine installation. The first Centaur 
vehicle is scheduled to fly in 1961 
using an upper stage powered by two 
LR-1 15 engines. National Aeronautics 
and Space Administration has author- 
ized Pratt & Whitnev to upgrade the 
LR-1 1 5 from 15.000 lb. thrust to 
17.500 lb. thrust. 

F-l Engine Progress 

Rocketdync's David E. Aldrich and 
Dominick j. Sanchini reported that the 
single chamber. 1.5 million lb. thrust, 
liquid propellant I’-l engine under de- 
velopment for NASA will begin its 
first complete engine tests early next 

the engine will starHn late f%2 and 
end in early 1963. 

By taking advantage of the engine 
clustering technology now being de- 
veloped by NASA on the Saturn, they 
said, it should be possible to launch a 
cluster of six F-l engines capable of 
producing 9 million lb. thrust by the 
mid-1960s. Coupled with suitable high 
energy, upper-stage, liquid rocket en- 
gines, Rocketdync estimates the 9 mil- 
lion lb. thrust booster will be capable 
of performing these missions: 

• Placing a 400, 000-lb. payload in a low 
earth orbit. 

•Putting a 130,000-lb. payload into a 
24-hr. orbit. 

• Putting a 90,000-lb. payload into a 
Mars orbit. 


and at a significantly lower dollar-per- 


• Carrying out a manned lunar landing 
and return with an earth-landing weight 
of approximately 20.000 lb. 

The F-l presently is designed for a 
propellant combination of liquid oxy- 
gen and RP-1. But Aldrich, program 
manager for the F-l. told Aviation 
Week that preliminary operations en- 
gineers arc studying the high energy 
liquid oxygen-liquid hydrogen combina- 
tion. The use of this combination for 
the F-l, he said, would raise perform- 
ance about 40 sec. 

The problem of developing a large 
injector, perhaps the biggest develop- 
ment problem with the F-l, has been 
solved, Aldrich said. From several in- 
jector tests run at 1 million lb. thrust 
levels and above, two stable injector 
configurations have now evolved and 
will be further evaluated until one is 
selected. First tests of the full-scale 
F-l turbopump took place last month. 
Five feet long and four feet in diameter, 
the direct-drive turbopump weighs 
2,500 lb., develops 60,000 hp. and can 
move three tons of propellant per sec- 

Aldrich said that development of the 
F-l engine is on schedule. Extension 
of the F-l program from 46 months to 
50 months was explained as the result 
of a reallocation of Fiscal 1960 funds 
which put some F-l money into other 
NASA projects considered more urgent. 
As the F-l program now stands, it will 
come to an end with the rating test in 
1963, unless NASA awards Rockctdvne 
a new contract for further develop- 
ment or production of the engine. 

Before much more money is put into 
the development of large, liquid pro- 
pellant rocket engines, Grand Central 
Rocket Co., Aerojet-General Corp. and 
Thiokol Chemical Corp. hope to sell 
NASA on the advantage of large solid 
propellant boosters. Awarded contracts 
by NASA (AW Sept. 19. p. 28) for 
preliminary design studies of large solid 


boosters in the 1 -million lb. and 7- 
million lb. gross vehicle weight class for 
both orbit and escape missions, the 
three companies expect to submit their 
final reports next March. The 7-million 
lb. class studies subsequently were in- 
creased to 9 million lb. 

First indications of what might be 
expected in these reports were given at 
the ARS meeting by H. L. Thackwell, 
Jr., senior vice president of Grand 
Central, in a report co-authored by 
Crand Central's Ralph M. Pierce. In 
his report, Mr. Thackwell described 
three different solid propellant vehicles: 
a three-stage vehicle which would put 
a 30,000-lb. payload into a 300 mi. 
earth orbit, a four stage vehicle which 
could put a 1 00.000-lb. payload in orbit 
or escape with a 22,000-lb. payload; a 
five stage vehicle which could orbit a 
250,000-lb. payload or carry a 60,000-lb. 
payload to escape velocity. 

All three vehicles would be con- 
structed of essentially identical, cylin- 
drical solid propellant rocket motor 
segments. It was assumed that the seg- 
ments, which would be bolted together 
at the launch pad, would contain a con- 
ventional. case-bonded, radial-burning 
solid propellant grain with a sea level 
specific impulse of 245 sec. at 1,000 psi. 
All vehicles were to be constructed from 
two basic motor configurations: Design 
I, a single solid propellant segment with 
head cap nozzle; and Design II, a five 
segment motor slightly taller than the 
Atlas. 

Larger Solid Vehicle 

The three-stage Type A vehicle de- 
scribed by Thackwell consists of a De- 
sign I motor third stage, a Design II 
motor second stage and a cluster of 
four Design II motors for the booster. 
Tile booster motors arc banded together 
by rigid bulkheads secured to the top 
and bottom motor attachment flanges. 
Jet vanes are used for thrust vector 
control in the booster, while small 
auxiliary rocket motors, housed around 
the outside of the nozzle throat section, 
arc used in upper stages. 

To launch a 30,000-lb. satellite, 
Thackwell estimated that his Type A 
vehicle would weigh 2,471.000 lb. at 
takeoff. He said costs, including every- 
thing from research on, would run $204 
per pound of payload in orbit for 100 
vehicle flights to $740 per pound for 10 
vehicle flights. By comparison, recent 
estimates given for the Saturn range 
from $500 to S700 per pound of pay- 
load in orbit. Assuming adequate fund- 
ing and a Jan. 1, 1961 starting date, 
Thackwell said, Type A vehicles could 
begin routine flights on Jan. 1, 1965. 

The four-stage Type B vehicle cn- 
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NASA to Study Unconventional Rockets 

Washington— Contracts to study use of unconventional high-thmst liquid engine- 
vehicle designs will be awarded early next year by the National Aeronautics and 
Space Administration to determine whether such approaches as plug nozzles and 

Request for design study proposals calls for survey of feasible designs ranging in 
thrust from 2 million to 24 million lb. Invitations to bid on the study have gone 
to industry, and bids are due Dec. 23. Vehicles arc called unconventional because 
NASA wants evaluation of unusual nozzle and chamber designs which could result 
in cheaper and more reliable vehicles than the large boosters under development. 

booster potential. NASA is looking at large solid propellant vehicles with thrust 
levels up to 21 million lb. (AW Sept. 19, p. 28) and at alternate concepts for the 
Nova configurations (AW Oct. 10, p. 26). Flight model 50,000-lb. thrust ping 
nozzle engine is being developed for NASA by General Electric Co. 

The pending study contract will consider hydrocarbons and liquid hydrogen fuels. 
It will cover a two-part design study, consisting of these tasks: 

• Establish the advantage in cost and reliability of unconventional liquid engines and 

of possible designs, selection of the most promising design pins estimates of the cost 
of a research and development program, and of the cost of test and production 
facilities for a six-year manufacturing program of 25, 100 and 400 engines. 

• Analyze engineering and program components, including chamber pressure, nozzle 
configuration, area ratio, thrust vector control, valving, analytical and experimental 
programs required to detail performance parameters, and cost factors in research 

First phase is expected to be completed four months after contract award, and 
the second in the following six months. 

Alternative in the broad study comes if significant savings and reliability cannot 
be established for unconventional first stage engines. Program objectives then 
would be shifted to second stage studies. 

Bidders arc asked to specify their qualifications and experience in their proposals 
by including their methods of approach, project plan, personnel and facilities avail- 
able, subcontractor organization and computer availability. 


visioned by Thackwell would consist 
essentially of a Type A vehicle with a 
new first stage made up of eight Design 
II motors clustered together. Takeoff 
weight would be 6,250,000 lb., and 
payload costs would range from $117 
per pound for 100 flights to $350 per 
pound for 10 flights. Type B vehicles 
could begin routine flights by July 1, 

1965, he said. 

The five-stage Type C vehicle would 
be the Type B vehicle on top of a 
cluster of 16 Design II motors. As in 
the case of Type B, the second stage, 
the first stage in the preceding design, 
would switch from jet vanes to auxiliary 
motors and would use nozzles with lar- 
ger expansion ratios. Takeoff weight 
of Type C vehicle would be 13.5 mil- 
lion lb., and payload costs would run 
from $110 per pound for 100 flights 
to $288 per pound for 10 flights. 
Routine flights of Type C vehicle, 
Thackwell said, could start on July 1. 

1966. 

Grand Central Studies 

NASA’s contract to Grand Central 
covers only preliminary design study on 
the 1 million lb. weight vehicle. But 
Thackwell told Aviation Week that 
Grand Central is carrying out a study 
on the 7-million lb. vehicle with com- 
pany funds. The NASA contracts 
which call for specific designs of first 
stage boosters also ask for general de- 
signs of high energy liquid upper stages 
similar to the liquid oxygen-liquid 
hydrogen engines now under develop- 
ment in order to get a realistic picture 
of over-all vehicle performance from 
the three contractors. 

Thackwell feels however, that solids 
would offer significant advantages in 
these upper stages as well. Thrust level 
control, he believes, can be obtained 
with solids, where needed, by going to 
a hybrid motor in which a liquid oxi- 
dizer is used for thrust modulation. 

The NASA study is likely to turn 
into a hardware contract, Thackwell 
feels, that could produce a booster com- 
petitive with the Saturn booster. He 
said that a cluster of three two-segment 
solid motors would be equivalent to 
the Saturn. It would be somewhat 
shorter than Saturn and not quite 20 
ft. in diameter. A cluster of three five- 
segment motors, he added, would pro- 
vide a 40% increase over Saturn 
booster performance. 

Grand Central’s preliminary design 
study for NASA is believed to envision 
a booster for the proposed 1 -million 
lb. vehicle that would produce 2.2 mil- 
lion lb. thrust, assuming a 45-sec. burn- 
ing time. The booster would use the 
company’s own polybutadiene type of 
propellant, called polycarbutcne, and 
could be ready for preliminary flight 
tests in 18 months, Thackwell said. 


Thiokol and Aerojet-General gener- 
ally agree with Grand Central that sig- 
nificant cost savings could be obtained 
with large solid propellant space boost- 
ers, but they differ on some other sig- 
nificant details. 

Thiokol Program 

About a month ago, Thiokol, which 
had the study contract for the 7-million 
lb. vehicle, was asked by NASA to 
change this to a 9-million lb. vehicle. 
Booster thrust, which was approxi- 
mately 1 5 million lb. originally, now 
reportedly has gone up to 18-20 mil- 
lion lb. Thiokol is evaluating both the 
segmented motor approach and on-site 
loading, according to Redstone Division 
project manager W. L. Berry. 

While the requirement for high 
energy liquid motors for the upper stage 
was spelled out by NASA, Berry said 
that even if given a free choice in the 
matter, Thiokol would probably accept 
a liquid engine in at least the last stage 
with motor technology at its current 
level of development. At the same 
time, he said, Thiokol is studying hy- 
brids at both its Redstone and Reaction 
Motors divisions with emphasis on 
hypergolic propellant combinations and 
on use of liquid oxidizers in thrust level 
modulation. 


In its segmented motor approach, 
Thiokol researchers currently appear to 
favor joining the sections together in 
a manner similar to that of a torpedo 
joint, in which the bolts are hidden 
in an indented V instead of protruding. 

Given complete freedom in the 
choice of upper stage engines. Berry 
estimated that Thiokol could produce 
a 9-million lb. vehicle at 1/1 5th to 
1 /20th the cost of a comparable all- 
liquid vehicle. Even without freedom 
of choice in the upper stages, he be- 
lieves it can be done at i to 4th the 
cost. If given the go-ahead now, he 
said, Thiokol could have a vehicle in 
the air sometime in 1963. 

On its NASA contract. Aerojet was 
asked to do a preliminary design study- 
on both the 1 million lb. and 7 (now 9) 
million lb. vehicle. Aerojet and Grand 
Central also have Air Force contracts 
for the development of a solid propel- 
lant rocket with a total impulse of 20 
million Ib.-sec. This contract will cul- 
minate in the firing of a full scale 
(100,000 lb. of propellant) motor. First 
firing of small scale (40,000 lb. of pro- 
pellant) motors is expected to take place 
in the next 30-40 days, and the first 
full scale motor firings in about four 
months. 

This Air Force program involves seg- 
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mented solid motors and is complemen- 
tary to the NASA study. Aerojet’s Dr. 
Ernest R. Roberts told Aviation 
Week. It will be a relatively simple 
matter, lie feels, to increase the num- 
ber of segments and step into the higher 
weight and thrust class of vehicles for 
NASA. However, as part of its NASA 
study. Aerojet also is investigating on- 
site loading. At this time. Dr. Roberts 
said, on-site loading definitely appears 
uneconomical, at least for the 1-million 
lb. class of vehicles. 

In its big solid booster programs. 
Aerojet is working with motor segments 
that have an aspect ratio close to one 
and use polyurethane propellant. Both 
segment diameter and weight are lim- 
ited for transportation reasons. Seg- 
ment weight is believed to be approxi- 
mately 70,000 lb. and diameter 1 20 in. 
Segments are interlocked by pulling a 

Cluster Pattern 

While no final designs have been 
set, indications are that the big Aero- 
jet boosters will run perhaps six seg- 
ments per motor and no more than 
seven motors to a booster cluster. A 
solid booster comparable in perform- 
ance to the Saturn would probably be 
the limit for a single segmented motor. 
Dr. Roberts said. It will be possible to 
obtain a total impulse of 100 million 
lb.-scc. with a five segment motor. 


Washington— Advanced bio-medical 
capsule (ABC) planned for two-day 
orbital exposure of a 50-lb. chimpanzee 
has been carried through design and 
mockup bv Lockheed Missile Systems 
Division. ' 

The self-contained capsule could be 
modified and expanded to carry a hu- 
man subject. It could also lie used 
with multiple subjects smaller than the 
chimpanzee. 

Mockup was shown for the first time 
at the 15th annual meeting of the 
American Rocket Society here. The 
model is the product of a feasibility 
contract funded by the Bio-Astronau- 
tics Projects Office of the Air Force 
Ballistic Missile Division. Major aim 
of the proposed complete program is 
to "fly earliest, fly cheapest” to get 
bio-medical data on a large subject in 
a space environment. 

Contingency of Funds 

Further development through hard- 
ware and flight-testing is waiting sec- 
ond-phase Air Force funding. Flight 
testing is also contingent upon avail- 
ability of the Atlas-Agena configuration 

28 


Aerojet is working on hybrid rocket 
motors under a contract from the Navy 
Bureau of Weapons. Dr. Roberts feels 
that this work is still in a rather em- 
bryonic stage and that whatever advan- 
tages such a system proves to have will 
have more value for volume-limited mis- 
sile systems than for space vehicles, 
although lie docs not rule out its poten- 
tial value for thrust modulation and 
on-off control in upper stages. 

Fuel Combination 

The best large space vehicle that can 
be developed today, Dr. Roberts be- 
lieves, will prove to be a combination 
of liquid and solid propellant stages. 
In the upper stages where every pound 
is critical, the higher specific impulse 
and mass fraction of the liquids-even 
where it is only fractional— makes them 
more attractive, he said. 

At the same time, he said, solids will 
probably always prove more economical 
for the first stage and possibly for the 
second. Except for special missions, he 
now concedes third stages and above to 
the liquids. 

Dr. Roberts estimates that solid mo- 
tors in the first stage of these large 
vehicles will reduce payload delivery 
costs attainable with a large liquid 
booster by 20-30%. Moreover, he said, 
it is possible to produce a solid pro- 
pellant booster in the Nova class by 
sometime in the 1963-64 time period. 


for a launcher, with its second-stage 
Agena expanded to a 6 ft. diameter 
package. 

The self-contained animal capsule 
provides a complete life-support system 
and ample test instrumentation for 
physiological and psychological moni- 
toring in a cylindrical package about 
3 ft. in diameter and slightly more 
than 4 ft. long. It weighs 350 lb. com- 
plete and would be mounted horizon- 
tally in the Agena when the Atlas- 
Agena is erected before launching. 
Only external 28-v.d.c. power need be 
supplied-the capsule is otherwise self- 
sufficient. All components are off-the- 
shelf. 

Launching with the advanced Atlas- 
Agena, similar to the configuration for 
Samos I, gives flexibility of orbital path 
choice so that subjects could be exposed 
at altitudes up to 2,000 mi. for best 
experimental results. If radiation densi- 
ties above the earth are measured prior 
to the animal launching, the subject 
could be orbited at the altitude for 
maximum exposure or controlled ex- 
posure to specific types of particles. 

Recovery of the capsule will be pat- 


ARS Coverage 

American Rocket Society’s 15th an- 

Week team headed by Editor Robert 
Hotz and consisting of David A. Ander- 
ton, Philip J. Klass, Michael M. Yaffee, 
Edward H. Kolciim, Larry Booda, Evert 
Clark and Craig Lewis. 


terned after the successful Discoverer 
technique, using Lockheed C-130 air- 
craft for the air-snatch attempts. 

Major aim of the ABC satellite is 
to obtain physiological and psycho- 
logical data on the animal's response 
to a space environment. Basic instru- 
mentation and control units monitor 
and maintain the oxygen atmosphere 
in the capsule and measure its tem- 
perature, humidity, sound level and 

Physiological instrumentation on the 
animal mixes both external sensors and 
internally implanted sensor-transmitter 
units. Psychological data comes pri- 
marily from a bank of simple pattern- 
matching tasks and a battery of colored 
lights which the animal is supposed to 
switch off selectively. 

Data Transmission 

Test data taken during flight would 
be transmitted to ground stations by 
150-data point FM/FM telemetering 
equipment separate from the telemetry 
in the Agena stage. In addition, data 
would be recorded by an endless-loop 
tape recorder. A still TV photo system 
would be used to photograph the ani- 
mal's facial expressions, with pictures 
transmitted by a UHF television trans- 

The animal subject is to be prepared 
two days before the planned shot, and 
after a period of acclimatization to the 
restraining suit, would be strapped to 
the couch just before the launching. 
Couch is palletized so that the animal 
can be placed in the capsule shortly 
before flight, already wired and ready 
to be connected to instrumentation 
pickup leads. 

Extra hand and footgrips are built 
into the couch so the animal has some- 
thing to grip during its period in the 
flight. Gripping is a simple physical 
action that apparently provides a feel- 
ing of well-being for the animal. 

Electrical heating, thermostatic.il]- 
controlled, is used to maintain capsule 
temperature in orbit. During re-entry, 
cooling is done by evaporation and by- 
radiant exchange. 

Feeding of the animal is done me- 
chanically, by time-opening a panel in 
the center of the instrument panel. 
Food is a gelatinous mix to include 
water, and it supplies 1,000 calories 
and 500 cu. cm. of water per day at 
four-hour feeding intervals. 

AVIATION WEEK, December 12, 1960 


Lockheed Designs New Capsule 
For Orbital Chimpanzee Tests 



Nations Approve 
Space Center Talks 

Geneva— Initial organizational meet- 
ing of an Intergovernmental Prepara- 
tory Commission charged with estab- 
lishing an 11-nation European space 
research center, may be held in Paris 
by early spring. 

Establishment of the commission 
followed a five-day meeting of scien- 
tists at the European Organization for 
Nuclear Research in the suburb of 
Mevrin. 

The Paris meeting will be scheduled 
one month after at least six govern- 
ments representing 70% of the commis- 
sion’s 5200,000 budget give their final 
approval. Observers here hope that this 
goal may be achieved within three 
months time. 

Scientists from five nations— Great 
Britain, Belgium, The Netherlands, 
Norway and Sweden— whose contribu- 
tions would represent approximately 
30% of the commission’s over-all 
budget request already have signed the 
Mevrin agreement establishing the 
group without reservation. 

Representatives of four others— Den- 
mark, France, Spam and Switzerland- 
signed conditionally, but the pact must 
be ratified by their respective parlia- 
ments before it takes force. 

The West German delegation said 
it had no authority to approve the 
agreement in any way. Sir Harry Mas- 
sey, chairman of the Mevrin conference 
and head of the British National Com- 
mittee on Space Research, said, how- 
ever, that the West German govern- 
ment is expected to ratify the 
agreement within the near future. 


Sputnik VI Destroyed 

Moscow— Destruction of Sputnik VI— 
Russia's third "spaceship”— during re- 
entry Dec. 2 has deprived scientists of 
the opportunity to get lifetime data on 
the effects of space environment on 

"lifting data on animal ^cardiovascular 

weightlessness!" "Television monitoring 
of the animals plus telemetered data 
showed their behavior to be nearly 
normal. Loss of the experimental sub- 

trace future effects of past exposure as 
the subjects age normally. 

Official statements said planned ex- 

noon Dec. 2, Moscow time, when re- 
entry command was sent. Descent did 
not follow the programed trajectory. 


The preparatory commission itself 
has been charged with working out 
details of prospective programs to be 
undertaken by the space center, a pro- 
posed budget for its initial development 
and operation and recommendations on 
personnel to staff it as well as the prep- 
aration of organizational statutes, mem- 
bership fees, etc. It also will recom- 
mend possible sites for the physical 
location of the center. 

It is hoped that the commission can 
complete its work within a year and be 
followed by an European space re- 
search organization which will have 
responsibility for the actual establish- 
ment of the space center. 

Since two neutral nations, Switzer- 
land and Sweden, are involved in the 
agreement, representatives at the Mcv- 
rin conference stressed that the center 
would concern itself solely with projects 
that were of a purely civil, rather than 
military, nature. The scientists after de- 
bate also ruled that the center would 
make no effort to develop independent 
booster systems. 

Although delegates from Belgium, 
Italy and The Netherlands urged that 
the center be given the scope to enter 
the entire spectrum of space research 
and development, other delegations felt 
the development costs to booster svs- 
tems might drive some of the smaller 
nations from participation. Costs of 
putting the center into operation alone 
are estimated at approximately 570 mil- 
lion. Other countries, notably Great 
Britain and France, hope to sell the 
center the booster system it will need to 


put into orbit the payloads it has de- 
veloped. 

Probable areas of work for the center 
outlined by the Mevrin conference in- 
clude satellite vehicles that would study 
solar radiation and cosmic ray fields, a 
check on Einstein's theory of relativity 
and exploration of the exact size and 
shape of the earth. It also would probe 
ionospheric scatter techniques, as the 
U. S. already is doing, to improve com- 
munications techniques. 

Average national income of the indi- 
vidual member nations during the past 
three years will be used as the basis ol 
determination of how much each will 
be expected to contribute to the over- 
all budget. No nation, however, will 
be asked to contribute more than 25% 
of the total expenditures. Three largest 
contributors probably will be Britain, 
France and West Germany. 

Proposals for such a session as the 
Mevrin conference have been under 
study for the past year, and a prelimin- 
ary conference among scientists from 
several of the nations was held in Paris 
in June. Invitation to hold the inter- 
governmental meeting at Meyrin was 
formally extended by the Swiss govern- 
ment last month. 

At the start of the Meyrin confer- 
ence, only 10 nations were represented 
by official delegations, with Spain sit- 
ting in as an observer. During the 
course of the sessions, however, it was 
accepted as a full member. Any future 
admissions to the group must be unan- 
imously approved by the present 11 
members. 
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Discoverer XVIII 
Reported in Orbit 

Discoverer XVIII was reported in or- 
bit following launch last week from 
Vandenberg AFB, Calif. First signal 
from the orbiting satellite was received 
at Kodiak Station in the Aleutions. Air 
Force was expected to attempt recovery 
of the payload. 

Orbital period of the 300-lb. satellite 
vehicle is 94 min., apogee is 450 mi. 
and perigee is 150 mi. 

Discoverer XVIII booster had a re- 
fined Rocketdyne NA-11 engine, de- 
livering 165,000 lb. thrust, 10% more 
than that available from previous Thor 
engines. 

West Germans Drop 
Jet Transport Plan 

Hamburg — Hamburger Flugzcugbati 
is abandoning its hopes of building the 
70-passcngcr, Mach .9 IIFB-314 jet 
transport because of lack of support 
from the West Ccrman Federal Eco- 
nomic Ministry. 

Officials of the firm said last week 
they have withdrawn an application to 


the Ministry for a credit guarantee that 
would have financed development of 
two prototype aircraft and given West 
Germany a jet transport of its own de- 
sign. 

The company told the Ministry 
it was in a good competitive position 
for the production of a twin-engine, 
medium-range jet transport when it first 
made its application for support two 
years ago, but that it was now far be- 
hind the field. 

The IIFB-314 never progressed be- 
vond the model stage, and Hamburger 
Flugzeugbau officials estimated they 
would need orders for a minimum of 
100 aircraft before ordering it into pro- 
duction. 

No Production Planned 
For Aerospace Corp. 

Washington— Aerospace Corp., the 
nonprofit firm that will perform systems 
engineering and technical direction for 
Air Force ballistic missile and space 
programs, will never engage in manu- 
facturing, President Ivan A. Getting 
assured industry at the American Rocket 
Society’s annual meeting last week. 

Getting also said Aerospace is aware 


Pioneer VI Set for Dec. 14 Launch 

Atlas Able V’s Pioneer VI payload is scheduled to be injected into orbit following launch 
from Cape Canaveral on Dec. 14. Payload will include a new experiment— a solid-state 
silicon detector devised by the University of Chicago— developed to distinguish protons 
from electrons and identify proton flux energies in the range of 0.5 to 9 inev. Solid-state 
detector was not included in previous 388-lb. Pioneer VI payload, which failed to achieve 
orbit in Sept. 25th firing. Pioneer VI is programed to be put into orbit around the moon 
with an apolunc of 5,700 mi. and a pcrilnnc of about 3,800 mi. (AW Sept. 12, p. 56). 


XLR-99 X-15 Flight 

Edwards AFB, Calif.— After complet- 
ing a third successful flight with the 
larger, 57,000 lb. thrust XLR-99 engine, 
the No. 2 X-15 has been accepted by 
the Air Force for turnover to National 
Aeronautics and Space Administration 
in about four to six weeks. This flight 
completed the North American Avia- 
tion demonstration flight portion of the 
program on the No. 2 aircraft. 

During the flight last week, two com- 
plete engine shutdowns aud restarts were 
accomplished in the seven-minute pow- 
ered flight. Most of tire flight was at 
50.000 ft. altitude with the speed 
brakes on. after launch from the B-52 
mother ship at 45.000 ft. A maximum 
altitude of 60,000 ft, and a maximum 
speed of Mach 2.9 were attained. Just 
prior to engine burnout, pilot Scott 
Crossficld advanced to full throttle for 
a few seconds. 


that the term “systems engineering and 
technical direction" is a “potentially 
troublesome" bit of semantics. "We 
recognize the happy fact of life that in- 
dustry is very competent in all of the 
areas of our present space technology,” 
Getting said. "We will not attempt the 
frustration-provoking exercise of tell- 
ing the contractor how to do, step by 
step, basks they are fully competent to 
do by themselves." 

Getting said the company’s task di- 
vides into the following three main ele- 

• Advanced planning and systems re- 
search. This includes assisting USAF 
in formulation of new weapon system 
concepts and preparation of specifica- 
tions. using ideas originating from any 
source, and evaluation of both solicited 
and unsolicited technical proposals. 
This “initial systems engineering” can 
be done “objectively by a privileged but 
non-competitive organization." he dc- 

• Engineering. This involves integra- 
tion of associate contractors’ designs, 
resolution of "interface problems.” es- 
tablishing of milestones and supervi- 
sion of systems tests. Again Getting 
said that “only a non-competitive or- 
ganization can approach this task with 
the necessary objectivity.” Aerospace 
Corp. was created because its predeces- 
sor, Space Technology Laboratories, 
Inc., was never able to attain to in- 
dusty’s complete satisfaction either 
"the in-fact objectivity that was de- 
sired” or "no less important, the ap- 
pearance of that objectivity." 

• Research. The company and its staff 
"must be a part of the scientific com- 
munity” because it cannot do its other 
jobs with full effectiveness "unless the 
impact of advancing science is continu- 
ously brought to bear,” Getting said. 
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First Photos of Atom Bombs Dropped on Japan 


Atomic Energy Commission last week released the first pictures 
of the historical atomic bomb types detonated over Hiroshima and 
Nagasaki, the first and only nuejear weapons ever utilized in war- 
fare. They killed a total of over 100,000 in tlie two cities and 
brought World War II to an end. The Little Boy type dropped 
on Hiroshima Aug. 6, 1945 (above) was a uranium bomb weighin 
about 9,000 lb. It was 10 ft. long and 2 ft. 4 in. in diameter. 
The Fat Man type dropped on Nagasaki three days later (below ) 
weighed about 10,000 lb. and was a plutonium bomb. It was 10 
ft 8 in. long and 5 ft. in diameter. AEC declassified data on the 
bombs in 1958 (AW Oct. 17, p. 25). 1 1 con 1 gely on 

the advice of State Department, has refused previously to release 
pictures or replicas of the bombs on the grounds that this "w-ould 
give the appearance of gloating or boasting about the weapons 
side of atomic energy use" and "would afford an opening for anti- 


American propaganda around the world.” State has been par- 
ticularly concerned that a pictorial display would be "misinter- 
preted ... as a display commemorating the use of the bombs.” 
In announcing the release on the eve of the anniversary of Pearl 
Harbor instead of the anniversary of their use. AEC observed: 
"While there is a possibility that this may result in some unfavor- 
able impact upon the position of the United States in the Far East, 
the Department of State has concluded that possible reaction 
would be minimized by a release at this time.” Rep. Charles 
Porter (D.-Orc.) and the House Government Information Subcom- 
mittee, headed by Rep. John Moss (D.-Calif.), have led congres- 
sional pressure for release. Porter has also unsucccssfullv urged a 
display of the bomb types at the Smithsonian Institution. The B-29 
Enola Gay that dropped the bombs on both cities is being 
reconditioned for permanent display at the Institution. 
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Gleiman Clarifies Orbital Areas 
For Communications Satellites 


Washington— Recent move into the 
active communication satellite field by 
National Aeronautics and Space Ad- 
ministration is aimed initially at low- 
altitude orbits of 2,000 to 6.O0O mi. In 
contrast, Defense Department’s Project 
Advent communications satellite is in- 
tended for a 22,300-mi. synchronous 
orbit, but this demarcation is not 
necessarily permanent. 

This was disclosed in a recent letter 
from NASA Administrator T. Keith 
Glennan in reply to questions on pos- 
sible overlap and duplication in the ac- 
tive communications satellite field 
raised by Vice President-elect Lyndon 
13. Johnson, chairman of the Senate 
Committee on Aeronautical and Space 
Sciences, in a letter to Glennan. 

Glennan said the "demarcation is a 
dynamic one and it must necessarily ac- 
commodate rapidly changing develop- 
ments in technology.” Although NASA 
currently has no immediate projects for 
hardware development or flight testing 
at high altitudes, "NASA’s plans and 
research will not overlook the applica- 
tion of such systems to non-military 

NASA Agreement 

When NASA originally was estab- 
lished. it was agreed that it would pur- 
sue passive (reflector) type communica- 
tion satellites while the Defense 
Department concentrated on the active 
type. At that time, both the Air Force 
and Army had low-altitude orbit, active 
communication satellite programs. 
Early this year. Defense Department 
decided to concentrate on the synchron- 
ous orbit, 22.300-mi. communications 
satellite and to drop the low-altitude 
orbit projects. 

Several years ago the passive satellite 
was expected to be the most economical 
type for commercial communications 
use, but more recently American Tele- 
phone & Telegraph Co., and others, 
have shifted to active types as the more 
promising. 

NASA hopes to initiate its active 
communications satellite program in 
the current fiscal year and to continue 
it with Fiscal 1962 funds. Glennan said. 
The timing depends on availability of 
funds and launch vehicles as well as 
launching facilities. 

Need for Research 

Asked whether NASA will engage in 
development work in areas where pri- 
vate industry plans to carry on develop- 
ments for commercial operations. Glen- 
nan said that considerable research and 
development must be accomplished be- 


fore an operational communications sys- 
tem can be brought into being and that 
it is too early to assess the respective 
contributions of private enterprise and 
NASA in this field. 

NASA’s program, Glennan said, 
“should stimulate those developments 
which promise early economic benefits 
to our citizens," and he said that coop- 
erative efforts between government and 
industry, in space activities, should be 
encouraged whenever possible. 
Possible Duplication 

In reply to the question of possible 
duplication or overlap between NASA 
and Defense Department communica- 
tion satellite programs, Glennan said 
that the technical requirements for 
military and communication satellites 
differ in many respects. The Unmanned 
Satellite Panel of the Aeronautics and 
Astronautics Coordinating Board “is 
directly engaged in facilitating the co- 
ordination of NASA-Defense work on 
communication satellites,” Glennan 


Washington— Basic legal problems in 
space are concerned with establishing 
the upper limit of territorial sovereignty 
but the time has not arrived for de- 
veloping international space law in this 
or other areas, according to the Amer- 
ican Bar Foundation. 

The bar foundation report and recent 
legal discussion indicate a trend away 
from limitless sovereignty claims by 
nations and toward agreement that 
sovereignty ends at an altitude some- 
where below the lower orbiting environ- 
mental limit-about 90 mi. above the 
earth, 

The research effort by the bar 
foundation is a comprehensive analysis 
of existing international literature on 
space law. It is the second in a series 
of social and economics studies being 
funded by the National Aeronautics and 
Space Administration through its com- 
mittee on long-range studies (AW Nov. 

21, p. 28). 

The foundation reaches few conclu- 
sions in the work, but the most signi- 
ficant is the warning that experience in 
space is too meager to attempt to arrive 
at an international space law. In addi- 
tion to an agreed definition of sover- 
eignty. such a comprehensive agreement 
will hinge on these basic problems: 

• Defining peaceful vs. military use of 
space. 

• Radio spectrum management and 


The issue of potentially duplicative 
activities will be resolved by discus- 
sions and agreements between the 
two agencies initiated through this 

Johnson’s letter to Glennan followed 
the NASA administrator's Oct. 1 2 
speech in which he outlined the 
agency's future communication satel- 
lite policies. This included an offer of 
joint NASA-industry programs in which 
NASA would provide launching facili- 
ties at cost. In reply to Johnson’s ques- 
tion whether this proposal to provide 
launch vehicles, facilities and services 
on a cost-reimbursable basis represented 
official executive branch policy, Glen- 
nan said that it did but that “any final 
action , . . will most certainly have 
specific approval before funds or other 
legislative actions arc requested." Glen- 
nan said that NASA's existing statutory 
authority “appears sufficiently broad" 
to cover such a program. 

Prior to Clcnnan's Oct. 12 state- 
ment. there had been concern among 
officials of AT&T and other commer- 
cial communications firms that the gov- 
ernment might use the communica- 
tions satellite as a wedge for entering 
the commercial communications field. 
Glennan’s statement therefore was 
warmly received. 


radio and television relay satellites. 

• Conservation of space. 

• Weather forecasting and control. 

• Safety standards and damage claims. 

• Repossession of projectiles and repa- 
triation of personnel. 

• Observation satellites. 

• International coordination. 

Legal Observations 

The report appraises current legal 
observations of these problems, and it 
contains abstracts of 892 articles which 
form the basis for the appraisal. 

The study has been m preparation 
since 195S when the American Bar 
Assn., affiliated with the foundation, 
began a systematic survey of literature 
as a first step toward developing recom- 
mendations for a law on outer space. 
NASA assumed funding responsibility 
early last year. 

Legal experts feel that any definitive 
progress in arriving at international 
agreements will be made through the 
United Nations General Assemble, 
which established legal, technical and 
conference committees on the peaceful 
uses of outer space a year ago, 

NASA General Counsel John A. 
Johnson called the report the most 
comprehensive made on the general 
subject of space law, and he said it will 
be an excellent departure point for a 
continuing systematic study. 


Sovereignty Called Space Law Key 
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First Orbital Scout Launching 
Terminated by Ignition Failure 


Wallops Island, Va.— First attempt 
to qualify the four-stage Scout rocket 
for satellite missions failed when the 
second stage engine failed to ignite, 
terminating a flight designed to launch 
an 87-lb. payload into an elliptical orbit. 

The solid fuel research vehicle was 
launched Dec. 4 from this National 
Aeronautics and Space Administration 
test facility. Payload included a 14-lb., 
12-ft. inflatable sphere which was to 
have measured air density and drag in 
its orbital arca-410-1,275 mi. 

Malfunction was traced to the igni- 
tion system. Neither second nor third 
stages ignited as programed during 
the 250 sec. before impact. Because of 
the high reliability of engine igniters, 
it is considered unlikely that the cause 
of failure was in the engines. It was 
probably in the vehicle ignition cir- 

Launch at 80.69 deg. elevation was 
due cast. It followed a scries of count- 
down delays, only one of which was 
extensive. Hold of several hours came 
when the count was in the last 90 sec. 
It was caused by failure of a telltale 
light to respond to the order to uncage 
yaw gyros. It was necessary to discharge 
batteries and put the vehicle back in a 
vertical position before workmen could 
correct the fault. 

Actual trajectory took the system to 
an altitude of 215,000 ft. and range of 
80 mi. Impact came 250 sec. after 
launch. 


inflation beginning 6 sec. later and 
being completed in 262 sec. 

Test was the third of eight flights in 
the development program, which in- 
cludes one more under NASA manage- 
ment. The remainder will be con- 
ducted by the Astronautics Division of 
Chance Vought Corp. Next Scout ve- 
hicle will be a probe carrying a micro- 
metorite impact measurement payload. 
Scout's Importance 

NASA’s first orbital attempt from 
Wallops Island also was the first time 
the agency tried to launch a satellite 
payload developed by its own scientists 
with a launch vehicle developed in- 
house. NASA is banking heavily on 
Scout for a variety of orbital, probe 
and re-entry' applications. It also is to 
be used as a means of cementing re- 
lations with nations in a position to 
develop payloads, but unable to support 
the cost of booster development. 
NASA hopes to bring the cost of each 
vehicle below SI million, compared 
with $3.5-5 million for launch systems 
based on Atlas, Thor and Jupiter ve- 

Thc same NASA team that de- 
veloped the 100-ft. Echo I satellite also 
prepared the 12-ft. sphere payload for 
Scout. The sphere, based on the Bea- 
con payload, has not had a chance to 
operate in three launches. A Jupiter C 
launch with Beacon failed in 1958, 


Advanced Scout Study 

Wallops Island. Va.— Studies of an ad- 
vanced version of the solid fuel Scout 
which would give the vehicle 100 lb. 
greater orbital payload capability than 
presently arc now under way. Growth 
from 150 lb. to 250 lb. in payload weight 
for a 300-mi. orbit would come from up- 
rated third and fourth stage motors, and 

first stage propellant to allow for in- 
creased aluminum additive weight. If 
National Aeronautics and Space Admin- 
istration. Air Force and Navy arc suffi- 
cicntlv interested in the advanced ver- 
sion. it could be produced in 18 months. 

Scout also may get control capability 
for launching satellites into equatorial 
orbits from Wallops. This can be done 
by installing a programmer to control the 
third stage roll jets. 


and a Juno II launch failed last year. 

Unlike Echo I, the Scout payload 
was a four-layer structure which would 
weigh 6,000 lb. if it were as big as 
Echo. William J. O'Sullivan, Jr., who 
heads the inflatable structures group 
at NASA's Langley Research Center, 
said Echo II will use stiffening tech- 
niques developed on the Scout 12-ft. 

The 12-ft. sphere is made of two 
layers of Mylar film and two layers of 
aluminum foil. Echo I weighs 132 lb. 
and was made of Mylar with an alumi- 
num deposit. Echo II will probably be 
135 ft. in diameter, with a layer of 
Mylar sandwiched between two lay- 
ers of aluminum. 


Algol Motor 

Aerojet-General first stage Algol mo- 
tor, with 1 1 5,000-lb. thrust and total 
impulse of 4 million lb., performed as 
programed with a 44.2 sec. burning 
time. Burnout was visible at 70,000 
ft., and a 25.6 sec. coast period was 
programed before second stage igni- 
tion, scheduled at 130,000 ft. 

Scout second stage Thiokol Castor 
engine also has been used in a cluster 
in NASA’s Little Joe program. It was 
programed to ignite 69.8 sec. after 
liftoff, separate the upper stages from 
the empty Algol and develop 55,000 
lb. thrust during the 41 sec. burning 

Hercules-Alleganv Ballistics Labora- 
tory third stage, 13,600-lb. thrust An- 
tares was to ignite five seconds after 
Castor burnout at 315,000-ft. altitude. 
Antares was to have burned 39.4 sec. 
and to have coasted 389.4 sec. to the 
injection altitude of 357 naut. mi. 
ABL 3,000-lb. thrust Altair was to have 
injected the payload into orbit. 

Injection was programed 10.5 min. 
after launch, with activation of payload 



Symington Plan Faces Stiff Opposition 


By Ford Eastman 

Washington— Proposals to streamline 
the Defense Department through major 
reorganization, recommended to Presi- 
dent-elect John F. Kennedy last week 
by Sen. Stuart Symington (D.-Mo.), will 
run into stiff opposition both in the 
Pentagon and in Congress. 

Army and Navy and their conserva- 
tive supporters on Capitol Hill are ex- 
pected to conduct a bitter battle against 
any moves that would tend to eliminate 
traditional individuality of the three 
services— which the Symington proposals 
most certainly would do. Air Force 
generally favors moves toward unifies- 

Reporting to Kennedy on the results 
of a study he ordered last summer (AW 
Sept. 19, p. 29), Sen. Symington recom- 
mended these major changes: 

• Elimination of the present depart- 
mental structure of the three sendees, 
preserving them as separate units within 
a more powerful, highly centralized De- 
fense Department. The 1 5 service sec- 
retaries, under secretaries and assistant 
secretaries would be eliminated. 

• Replacement of the Joint Chiefs of 
Staff with a Joint Staff headed by a 
single chief who would be chairman of 
the Joint Staff. 

• Establishment of unified strategic, 
tactical, defense and National Guard- 
Reserve commands, each including ele- 
ments of the three services. There also 
would be directorates for research and 
engineering, production and procure- 
ment and facilities and installations. 

• Revision of Defense Department 
budgetary procedures. 

Sen. Symington said further study 
will be needed to determine how much 
of the reorganization could be accom- 
plished by presidential directive based 
on existing legislation and what new 
legislation would be required. 

Major Opposition 

The Symington plan is similar to 
measures previously introduced in Con- 
gress which have been opposed in many 
military quarters as well as by some 
members of the House and Senate (AW 
Aug. 1 5, p. 29). The major part of the 
opposition is expected to be directed at 
elimination of the service secretaries 
and departmental structure, and of the 
Joint Chiefs of Staff, and revision of 
the budgetary procedure, although each 
has come in for considerable criticism 
from Congress in the past. 

Initial reaction to the Symington re- 
port was cautious, and official state- 
ments from military leaders and mem- 
bers of Congress were sparse. Kennedy's 
only comment when he received the 

34 


report was that it was an “interesting 
and constructive” proposal and that he 
was sure it would be carefully analyzed 
by Congress and his new administra- 

The radical Symington proposals un- 
doubtedly were made public at this 
point as a trial balloon to determine 
public reaction to a drastic reorganiza- 
tion of the Defense Department before 
specific recommendations were trans- 
mitted to the new Congress. The pro- 
posals probably will be moderated some- 
what in an effort to reduce opposition 
and secure at least a partial rcorganiza- 

Eisenhower Administration defense 
officials generally maintain that the re- 
organization launched in 1958 should 
be given a chance to work before fur- 
ther changes are made. Army Chief of 
Staff George II. Decker echoed this 
philosophy last week in Alaska when he 
said he feels "the department is still on 
its shakedown cruise." 

Air Force generally favors changes 
such as those recommended by Syming- 
ton. USAF studies indicate these moves 
would promote economy, efficiency and 
unitv of effort, but detailed comment 
on the plant will await further study. 
Navy's Views 

Navy completed a working paper last 
September which essentially opposed 
any drastic changes of the type sug- 
gested last week and agreed with De- 
fense Secretary Thomas S, Gates in his 
plea for further trial of the 1958 re- 
organization. Navy expects civilian 
opinion to have the determining effect 
in the coming battle, largely because 
service opinion is already established 
while opinion outside the services re- 
mains to be tested. Air Force and Navy 
already are at work presenting their 


Saturn Glider Proposal 

Washington— Proposals for recovery of 
Saturn boosters by use of Rogallo-tvpe 
cloth wings have been made to the 
National Aeronautics and Space Admini- 
stration by Ryan Aeronautical Corp. and 
North American Aviation. 

Rogallo wings, named for the head 
of the group which experimented with 
them at NASA's Langley Research Cen- 

ployed at supersonic speeds. The wing 
form permits glide at 25 to 50 kt. for- 
ward speed. This is one of several re- 
covery concepts being studied by NASA 
(see p. 82). 

Glider proposals call for boosters to 
land in the Grand Bahamas or return to 
Cape Canaveral after burnout. 


views on reorganization to influential 

Making his report public. Sen. Sym- 
ington said in any appraisal of the U. S. 
military posture, one “salient” factor 
stands out above the rest— the three- 
fold significance of reaction time at this 
stage in history. First is the unprece- 
dented strategic value of time— the 
ability to react instantly against aggres- 
sion in this nuclear-space age; second is 
the crucial time element in the U. S. vs. 
Soviet arms race-the need for early 
selection among alternative weapon sys- 
tems and for shorter lead times between 
conception and use; third is the effect 
of time on defense cost. 

Sen. Symington said the central 
theme of "clarification and strengthen- 
ing of the authority of the Secretary of 
Defense over the entire U. S. military 
establishment has run through all past 
and current proposals to make the De- 
fense organization more effective. 

Military sendees would be retained 
under the Symington plan, but the 
present departmental structure of the 
Air Force. Army and Navy would be 
eliminated. This would do away with the 
present sendee secretaries, under secre- 
taries and assistant secretaries. The sen- 
ices would remain separate organic 
units within a single department, 
headed by a chief of staff and subject 
to the direction, authority and control 
of the Defense Secretary. 

New Civilian Offices 

Two new under secretaries of defense 
would be created, one for weapon sys- 
tems and one tor administration. These 
two, along with the Defense Secretary 
and Deputy Secretary, would comprise 
the statutory appointees in the depart- 
ment. In addition, the Defense Secre- 
tary could designate such civilian assist- 
ants as he considers necessary. The 
seven existing assistant secretaries of 
defense would be eliminated and their 
functions would be absorbed by direc- 
torates set up under the two new under 
secretaries. Directorates would be sub- 
ject to change by the Defense Secretary 
and should not be frozen into a pattern 
fixed by legislation, the committee said. 

The tinder secretary for administra- 
tion would be responsible for such ac- 
tivities as financial management (comp- 
troller), personnel, legal, transportation 
and communications, legislative, con- 
gressional liaison, public information, 
and health and medical. Thus, all mili- 
tary personnel would be subject to simi- 
lar recruitment practices, rules for 
training and length of service, pay for 
comparable responsibilities, and flexi- 
bility of assignment and transfer within 
and among the services and service 
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Rolls Seeks Government Financial Aid 

London— Rolls-Royce, Ltd., has told the British government it urgently needs 
substantial financial aid in development of civil aircraft turbine engines in its "battle 
for survival," but response to the plea has been cool. 

The request by Rolls’ chief executive J. D. Pearson centered on the company’s 

There also are overtones of concern about Bristol Siddelcv's increasing impact in 
the turbofan field with its BS 53 and BS 75 (sec p. 119). 

Minister of Aviation Peter Thomcycroft said that negotiations are under way 
with Rolls, but mentioned only the company’s RB.163 Spey turbofan. powerplant 
for the de Havilland DH-121 Trident jet transport. 

Engines involved in Rolls' request for government help also mav include the 
RB.162 turbine for VTOL airframes. 

contributed S800 million to the industry for aeronautical engine research and 
development over the past decade, and has recovered only $48 million. 

Pearson said cost of developing an engine now is as expensive as development of 

to be recovered from a single aircraft project,” Pearson added, "and it emphasizes 

Rolls believes the government should give engine manufacturers an indication of 
powerplant requirements for the projected supersonic transport for which British 
Aircraft Corp. has been awarded initial contracts. 

Pearson stressed that risks and financing required for continued exploitation of 
Rolls' position in the engine manufacturing field were beyond the company’s capacity, 
and he called for the same kind of help its major competitor, Pratt & Whitney, 
received from the U. S. He pointed out that Rolls has supplied gas turbines for 
more than 1,000 civil aircraft out of a world total of 1,760 planes using this type 
of power. 

Pearson’s position could be considered a plea for preferential government treat- 

Hc noted that successive ministers had declared the government's aims to be the 
reinforcement of the industry at its points of strength and that largely meant helping 
those companies u'hich had shown ability to succeed in world markets, an obvious 


schools and academies. There would be 
unified direction and responsibility for 
all service schools and other military 
educational institutions. 

The under secretary for weapon sys- 
tems would be responsible to the 
defense secretary for the complete cycle 
of weapons development, procurement 
and production and for construction 
and installations, including bases, hous- 
ing and depots. These activities would 
be managed tli rough three directorates: 
Research and Engineering, Procurement 
and Production, and Facilities. The 
R&E Directorate would take over the 
functions now carried on by the present 
Director of Defense Research and Engi- 
neering and in addition would be re- 
sponsible for these activities now in the 
office of the defense secretary: the 
Science Advisory Board which was 
formerly the Strategic Missiles Evalua- 
tion Committee; Research and Develop- 
ment Policy Council; Defense Science 
Board, and the Ballistic Missile Com- 
mittee. Functions of the Advanced 
Research Projects Agency’ would be 
absorbed in this directorate. 
Procurement and Production 

All Defense procurement and produc- 
tion functions would be the responsi- 
bility of the Procurement and Produc- 
tion Directorate. The Directorate of 
Facilities would be responsible for the 
planning and construction of facilities 
for research and testing of weapons, 
industrial-type facilities for weapons 
production and maintenance, facilities 
for weapons operation— such as missile 
and space vehicle launching installa- 
tions — and non-combatant facilities, 
such as on- and off-base housing. 

There would be a special assistant 
to the defense secretary for arms con- 
trol who would serve as the Defense 
liaison in that area with the State 
Department or other agencies. 

The Joint Chiefs of Staff would be 
reconstituted so the chairman of the 
Joint Chiefs would become chairman 
of the Joint Staff. He would be the 
principal military adviser to the Presi- 
dent and defense secretary. The chair- 
man of the joint staff would enlarge 
the staff “commensurate with the added 
responsibilities of the chairman." The 
present authorized strength of the staff 
is 400 officers, plus civilian employes 
and enlisted personnel. 

Instead of presiding over the Joint 
Chiefs of Staff, the chairman would 
preside over a group of senior officers 
from all services known as the Military 
Advisory Council. Each of the senior 
officers would be appointed to the 
council by the President and would no 
longer have any functions or respon- 
sibilities in the service from which he 

These officers would never return to 
their services. 


Each of the services would have a 
Chief of Staff who would not serve on 
the Joint Staff or the Military Advisory 
Council, but who would report directly 
to the defense secretary. 

There would be three unified com- 
mands and the commanders would re- 
port directly to the chairman of the 
Joint Staff. These Commands arc 
Strategic, responsible for all strategic 
missions; Tactical, responsible for all 
limited and conventional war missions, 
and Defense, responsible for all conti- 
nental U.S. missions. 

Other Commands 

Each of the unified commands would 
include all personnel, equipment and 
weapon systems required for the per- 
formance of its respective missions. To 
the extent that any regional or area 
specified commands would be required 
in addition to the unified commands, 
their commanders would also report 
directly to the chairman of the Joint 
Staff, and these specified commands 
would be composed of units assigned 
from the unified commands. 

There also would be a unified com- 
mand in charge of the National Guard 
and Reserve elements of all the services. 
In addition to its other functions, this 
command would be responsible for civil 


defense and would report directly to the 
chairman of the Joint Staff. 

The defense secretary would be re- 
quired to present to the appropriate 
committees of Congress a detailed ex- 
planation of the military requirements 
for all missions and Defense Depart- 
ment operations prior to the presenta- 
tion of the defense budget to Congress. 
At the present time, the services usually 
give a detailed explanation of their pro- 
grams and requirements to the con- 
gressional appropriations committees 
following submission of the budget to 
Congress, although the Armed Sendees 
Committees have held "posture" hear- 
ings earlier. However. Congress already 
had ordered in 1959 that, starting this 
next session, funds requested for pro- 
curement must be authorized by Con- 
ress first before the appropriations can 

Appropriation Shift 

The appropriation of all defense 
funds would be made to the defense 
secretary. Presently, they are made to 
the sendees by title. Certain categories 
of the defense budget, such as research 
and development and long-lead time 
procurement, would be put on a multi- 
year instead of a one-year justification 
and appropriation cycle. 
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NATO Dispersal Plan Keynotes 
Nuclear Stockpile, Logistics Need 


By Cecil Brownlow 


mand strategic forces— NATO already an 
has "a pretty substantial strike capa- docs 
bilitv," according to officials here. ~ ' 

Aside from U. S. forces in the area, 
which proride by far the greatest 
punch, other nations which have or 
tactical atomic strike 


Paris— Need for a more flexible policy 
to mate nuclear warheads with their 
delivery systems will become more 
acute during the next few years as the 
North Atlantic Treaty Organization 
disperses its forces more and more in 
an effort to minimize the losses it 
would sustain m any initial attack. 

Aside from the political and psycho- 
logical implications involved, this fact 
doubtlessly was one of the major emergency where the danger of wi 
reasons behind the proposal of Gen. considered ' ' ’ 

Lauris Norstad. supreme allied com- 
mander in Europe, that NATO be 
made the world's fourth nuclear power 
(AW Dec. 5, p. 29). 


political crisis in light of the Algerian 
problem. 

Earlier, French Defense Minister 
Pierre Messmer told the Western 
European Assembly meeting here that 
France’s insistence upon developing 
idependent nuclear capability 
lot mean that she will block 
efforts to find an "arrangement” with 
other NATO nations as t« its control. 


NATO Strike Force 


,'rcnch delegates to the Assembly 

capability include Germany, Italy, also approved a resolution recommena- 


Belgium, Holland, Greece and Turkey. 
Plans also provide for rushing nuclear 
warheads into France and the two 
Scandinavian NATO members 


dictated by U.S. 
which demands that American nuclear 
weapons remain under U. S. control 
at all times, most atomic warheads arc 
held in central storage areas spotted 
in European NATO nations— except 
France, where they have been banned 
by French President Charles dc Gaulle, 
and in Norway and Denmark where 
the presence ot foreign troops is pro- 
hibited. 

In times of crisis, according to one 
NATO official, "we would put them 
where they are closer to the weapons," 
presumably on the sites themselves. 
The central stockpile concept also is 
backed bv an elaborate logistic plan 
designed to get the warheads to their 
deliver}’ systems as fast as possible if 
the need should arise and there is no 
advance warning. 

Most Western officials, however, 
seem to feel that at least some advance 
intelligence warning will be available. 
One said last week: "If he [Khrushchev] 
shifts his power, we get word of it and 
shift accordingly.” 

Fourth Force Upheld 

The plan for a fourth atomic force, 
another said, "would help our problem 
quite a bit.” particularly as NATO’s 
capability for mobility improves, "but, 
if we don’t get it. wc can live with the 

Increased mobility— “and our direc- 
tion will be very heavily in this direc- 
tion during the next few years—” prob- 
ably will include Polaris solid-propellant 
intermediate range ballistic missiles 
stationed aboard railway flat cars and 
on barges with as little reliance as 
possible on fixed bases. 

On the European continent itself — 
independent of backup Strategic Air 
Command and British Bomber Com- 


ing the organization of a NATO strik- 
ing force under the equal control of 
the 15 member nations. Of the seven 
countries represented at the confer- 
cnce— France, Great Britain, West 
Germany, Italy, Belgium, The Nether- 
lands and Luxembourg— all but the 
United Kingdom delegation supported 
the recommendation. 

Gen. Norstad told the Assembly 
that a mobile NATO strike force is 
now being equipped with nuclear, as 
well as conventional, weapons. Plans 
for the force, originally drafted last 
spring, call for it to reach a total of 
approximately 4,000 men drawn from 
a number of NATO nations. Under 
present conditions, nuclear warheads 
must remain under U. S. control. 

Gen. Norstad's proposal to make 
NATO the fourth nuclear power is ex- 
pected to be discussed in some detail 
at the annual ministerial meetmg which 
convenes here late this week. However, 
a final decision as to whether to adopt 
, the program is not expected before 

pendent nuclear deterrent, nonetheless the annual defense ministers meeting 


official says. “France would have a 
nuclear capability.” 

French Atomic Force 

French government’s plan to develop 
an atomic strike force won its third 
approval by the National Assembly and 
thus becomes law despite the bill’s 
double defeat in the French senate. 

Political and technical battle over the 
program, which covers the five-year 
period from January, 1960, to January, 
1965, has created doubts about the 
future of the force concept (AW Oct. 
31, p- 3d). 

Most political observers, for example, 
agree Assembly approval would have 
been withheld except that many de- 
puties, who argued against the govern- 
dcsire to develop an inde- 


backcd the bill i 






n March. 


Douglas Cuts Work Force by 2,300 


Long Beach, Calif.— Cutback in 
Douglas DC-S jet transport production 
from eight to four aircraft per month, 
coupled with the phase-out of C-133B 
production because of a lack of new or 
follow-on orders, has caused Douglas 
Aircraft Co. to cut its work force here 
by more than 2,300 workers. Layoff of 
700 persons last Friday, in addition to 
the layoff of 1 ,609 employes the preced- 
ing Friday, leaves a total work force of 
approximately 12,100 at the company's 

Last week's layoff included 550 cleri- 
cal workers and 1 50 production line 
workers. Most of those previously laid 
off were production workers. 

Production of the C-133B will be 
phased-out about Mar. 1, 1961, if no 
follow-on orders are forthcoming. DC-8 
production schedule was changed Dec. 
1 to the rate of four per month 


duction program will continue into 
1962. Promised delivers; dates will be 
met by present production scheduling 
of four aircraft per month. The sched- 
uling rate change from eight to four 
per month was laid down by Douglas 
management more than a year ago. 

Douglas will not comment, but 
Aviation Week has learned that the 
present four per month rate probably 
will drop to three and possibly two air- 
craft per month in the late spring of 
1961. 

As of last Friday. Douglas will have 
dropped 5,600 from the Long Beach 
payroll since last Sept. -I, when employ- 
ment totaled 17.700. Peak postwar em- 
ployment figure for Long Beach was 
23,300 in August, 1959. 

Possibility of immediate work in the 
Long Beach plant through an order for 
turbojet cargo transport ap- 


•• orders had been received for pears dim. Probability is that such a 


ansport. With present schcd- 
•xisting DC-S orders, the pro- 


lufacturing decision will await action 
by the new Kennedy Administration. 
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Board Investigates Titan Silo Blast; 
Cause May Be Fuel Tank Rupture 


Vandcnberg AFB, Calif.— Under- 
ground explosion of a Titan SM-68 in- 
tercontinental ballistic missile during 
a test here may have been caused by 
the rupture of its propellant tanks when 
the launcher-elevator lowered the mis- 
sile to the bottom of its silo too rapidly. 

The explosion took place in the 
operational system test facility while 
contractor crews were running a pre- 
launch test which included fueling 
the missile, raising it to the surface, 
and lowering it back into its silo. The 
elevator is supposed to lower the 98-ft. 
missile to the bottom of the silo in 
exactly 90 sec. Observers and surviv- 
ing data cameras on the surface told 
this sequence of events: 

• Elevator and missile began to de- 

• About 30 sec. later, observers noted 
that the descent accelerated and the 
missile was going down too rapidly. 

• At 45 sec., the nose cone disappeared 
below the surface ahead of schedule. 
The last 60 or 70 ft. of descent was com- 
pleted in about 1 5 sec. 

• At 53 sec., the missile exploded, 
spewing the elevator crib structure out 
of the silo, and destroying propellant 
and equipment terminals and every- 
thing else on the launcher side of the 
underground blast locks. 
Investigation Board 

An investigating board made up of 
representatives of Air Research and De- 
velopment Command, Strategic Air 
Command, Air Materiel Command and 
civilian contractors in the Titan pro- 
gram has not reached a firm conclusion 
about the cause of the explosion. 
However, the average descent speed 
was about 4 fps. for the last 60 or 
70 ft. and the possibility of tank rup- 
ture produced by rapid deceleration at 
the bottom of the silo is receiving 
thorough studv. 

The missile weighs 111 tons, of 
which more than 100 tons is propellant. 
The investigating board members re- 
called that an earlier Titan was de- 
stroyed at Cape Canaveral, Fla., after 
falling only 4 in. back to the pad when 
the first stage engines shut down auto- 
matically because of premature release 
of the hold-down clamps. 

If it can be shown that impact or 
overly rapid braking at the bottom of 
the silo caused a tank rupture, the board 
will have to determine how the spilled 
kerosene and liquid oxygen were ig- 
nited. There are reported to be pro- 
pellant line heaters and other hot 
equipments within the silo, but impact 


alone can cause ignition if impact is 
severe enough. 

The board may not be able to learn 
why the elevator oversped because 
equipment was demolished by the blast. 
It had performed well in earlier tests 
with loaded missiles. Investigators 
could not enter the blast area during 
the day after the explosion because 
liquid oxygen continued to boil off 
underground and the fire hazard re- 
mained high. 

The Titan was scheduled to be 
launched several days later from the 
launcher in which it exploded. The 
launch already had been postponed 
several times because of bad weather 
and trouble with instrumentation. 
Disaster Plan 

Spokesmen for Air Force Ballistic 
Missile Division of ARDC and Martin 
Co., designer of the missile, said most 
of the objectives for which the test 
facility had been designed had ahead}' 
been attained. No decision has been 
made about those not yet reached, but 
an Air Force officer told Aviation 
Week that there is a longstanding 
disaster plan which offers several al- 

News 


instated with Beech Aircraft Corp. by 
North American Aviation. Pod pro- 
vides all integrated prime power supply 
functions to start the B-70’s engine 
simultaneously, maintain electronic 
equipment in "warm-up” condition and 
support the bomber’s environmental 
control system. The alert pod can 
be carried by the bomber, but also 
has self-propelled mobility on the 
ground. 

Peru has contracted to purchase 15 
T-37 jet trainer aircraft from Cessna 
Aviation Co. Although Cessna officials 
declined to comment on the contract, 
it was learned that the contract has 
been signed and an export license ob- 
tained for the aircraft. 

T. Roland Bemcr, who ousted Roy 
Hurley from Curtiss-Wright Corp. last 
spring, was elected president of the 
company last week. Berner originally 
had taken over the chairmanship while 
the search for a new chief executive was 
on, but was asked by the board to take 
over the job himself on the basis of his 
work in reorganizing the company. 


ternatives. Titan training facility TF 
395A immediately adjacent to the test 
site may be used for some of the tests 
but in others the high cost of instru- 
menting a training facility for develop- 
ment tests may require other answers. 
No effort to reconstruct the test facil- 
ity is expected. 

Static firing of Titan engines in the 
silo launch test facility (SLTF) 1,200 
ft. northwest of the silo was scheduled 
for this week but will be postponed un- 
til the investigating board hands in its 

The SLTF is to be used in de- 
veloping the technique of launching 
Titan II from within the silo. 

Damage Estimate 

Total damage done by the blast last 
week may reach S8 million, but an in- 
dustry official points out that dollar 
estimates of damage to a development 
facility are always misleading. A true 
estimate would have to account for 
the per cent of development work com- 
pleted in the facility and the effect of 
these delays imposed on program 
schedules. 

No one was injured in the explosion 
because all crewmen were inside the 
underground control center 890 ft. 
away. Shock waves and fumes were kept 
from the control center by blast locks 
midway in the tunnel between the 
control center and the silo. 

Digest 


Directors of North American Avia- 
tion, Inc., have named J. L. Atwood, 
president, as chief executive officer of 
the company. J. H. Kindclbergcr, 
chairman of the board since 1958, will 
remain chairman of the board and ex- 
ecutive committee. 

Polaris A2 test vehicle flew 1,600 
mi. downrangc from Cape Canaveral 

Navy task force composed of the 
carrier Wasp and four destroyers was 
withdrawn last week from a patrol of 
the Caribbean area designed to protect 
Cuatamala and Nicaragua from pos- 
sible invasion. It was stated that White 
House said the countries involved had 
declared the emergency ended. 

New antenna arrays will be installed 
at all Minitrack stations by next June 
to convert tracking frequencies to 136- 
137 me. from the crowded 108 me. 
spectrum. Six stations already have 136 
me. tracking ability. Shift is being 
made at the request of the Federal 
Communications Commission. 


B-70 alert pod contract has been re- 
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AIR TRANSPORT 



FIRST TWO Ilyushin 11-18 turboprop transports for Ghana Airways were exhibited at Moscow’s Sheremetyevo Airport with the airline’s 
markings before their flight to Accra. Russia expects to turn over another pair of Il-18s to the African carrier "in the near future.” 
Russian crews making the ferry trips to Accra will remain in Africa to train Ghana Airways personnel in 11-18 operations. 


Ghana Builds Flag Carrier for ‘Prestige’ 


Ghana Airways plans mixture of Soviet, Western 
transports, admits that line will not show profit. 

By Robert E. Farrell 

Accra, Ghana— State-owned Ghana Airways plans to use Soviet and 
Western turboprop and jet aircraft in a costly and somewhat confused 
expansion program designed to convert the airline from a regional to an 
international operator. 

Formed two years ago, when Ghana proclaimed its independence within 
the British Commonwealth, the west African carrier now is being wielded 
as a “prestige instrument” by the nationalistic-minded government of Presi- 
dent Kwame Nkrumah. Ghanaian officials flatly admit that Ghana Airways 
“is not a commercial operation and isn’t trying to be one.” Moreover, they 
boast that substantial losses are going to be underwritten in order to make 
Ghana Airways the dominant carrier of independent Africa. 

To achieve this stature, the Ghanaian 
government already has launched into 
an equipment-buying spree and is be- 
ginning to plan a staggering network 
of routes aimed at linking Accra with 
major capitals on both sides of the Iron 
Curtain. One Western aviation ob- 
server here describes the government's 
aviation policy as “first buy new equip- 
ment, then see where you can fly it to." 

Main topic of aviation conversation 
here is the government's purchase of 
six Russian 11-18 turboprops, all of 
which arc slated for delivery by vear- 
cnd. Although no official figures have 
been released on 1 1- IS purchase or 
operating costs, reliable aviation ob- 
servers in Accra gave Aviation Week 
the following information: 

Purchase price for each aircraft 
amounted to 51,820,000, pavable with- 
in eight years at an interest rate of 
2.5%. Purchase price includes use of 
one full crew for nine months, with 
Ghanaian government paying for the 
use of Russian air crews after the initial 
nine-month period. For the six air- 


craft about 90 Soviet air and ground 
personnel will be needed. Aircraft, at 
least initially, will be maintained in 
Moscow. 

A limited amount of air crew train- 
ing for selected Ghanaian candidates 
will be provided in the Soviet Union. 
This training, however, is to be paid 
for separately bv Ghana. 

“Widely uneconomic” is the phrase 
one informed aviation source used in 
describing operating costs of the Il-18s. 
Getting hold of such figures, however, 
is extremely difficult in Accra. No official 
is willing to be quoted publicly on the 
Ilyushin operation. Aviation Week 
was told that the heavy cost item cen- 
ters on the Il-ISs’ four Ivchenko 4.000- 
shp. turboprop engines. 

According to those sources, Russians 
are recommending major engine over- 
hauls after 500 hr. and complete scrap- 
ping of the engine after 2,000 hr. Cost 
of the engine reportedly is 592,400. 
Since Ghana Airways is hoping to get 
about 2,000 hr. utilization annually 


out of each 11-18, this theoretically 
could mean an annual engine replace- 
ment cost of over 52 million for the 
entire six aircraft. 

No source was aware of any deal 
under which the Russians allowed a 
“trade-in" cash value on scrapped en- 

Ghanaian officials, when confronted 
with these 11-18 cost figures, refuse to 
comment on them. They merely fall 
back on stated government policy that 
Ghana Airways “is not a commercial 
operation.” This attitude is reflected in 
the government’s attitude toward the 
carrier's annual operating deficit. This 
figure, roughly 5200,000 shortly after 
the operation got under way in 1958, 
has been declining steadily year-by-year. 
But now that the government has de- 
cided to “go international," carrier of- 
ficials arc projecting an annual operat- 
ing deficit of over 55 million for 1961. 

Reported heavy operating costs of 
the II- 1 Ss aren't the only reason the 
carrier is projecting heavy operating 
deficits. Another contributing factor is 
the simple fact that Ghana Airways is 
changing rapidly from a regional car- 
rier into an international operator. 
Equipment, moreover, is being bought 
even before new routes have been laid 

Until recently, Ghana Airways was 
running a fairly modest operation in- 
volving four Douglas DC-3s and two 
de Havilland Herons. The DC-3 air- 
craft are flown on a west African 
coastal route under a pool arrangement 
with Nigerian Airways. Herons arc used 
mainly within Ghana. Also, twice 
weekly Ghana Airways charters BOAC 
equipment - Britannia 1 02s — between 
Accra and London. These twice-weekly 
flights were operated by BOAC crews 
while the aircraft carried Ghana Air- 
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ways markings. This modest equip- 
ment and route setup is now under- 
going sweeping changes along these 


• Two Bristol Britannia 300 series, de- 
livered in November. 

• Six Ilyushin 11-18 turboprop aircraft, 
all to be delivered by year-end. 

• Three Vickers’ Viscount 800 series, 
to be delivered in mid-1961. 

•Two or three U. S. and/or British 
jets. Ghanaian officials say they arc in- 
terested in Boeing’s 707 and Vickers 
VC-10. Talks with both companies are 
under way (sec p. 50). 

Ghana government wants to buy 
Boeing 707-420 turbojets despite Boe- 
ing's advice that the 720B intermediate 
range model is best suited to the needs 
of the flag carrier. Chana officials admit 
they are attracted to the 707-420's size, 
even though the Accra runway won’t 
permit maximum takeoff weights for 
this airplane. Boeing also is discussing a 
limited amount of pilot training, if 
Ghana Airways orders its transports. 

All of this equipment was ordered and 
paid for by the Ghanaian government, 
not by the airline. On some equipment, 
notably the 11-1 Ss, the carrier wasn’t 
even consulted. Negotiations are car- 
ried out by the Minister of Transport 
and Communications, leftist-leaning 
Krobo Edusei, who also wields con- 
siderable influence in Ghanaian poli- 
tics. Edusei’s aviation policy seems to 
be aimed at equipping Ghana Airways 
with the "biggest and best” Soviet and 
Western aircraft, and then operating 
such aircraft into as many world capi- 
tals as possible. 

Despite Ghana Airways’ new equip- 
ment program, carrier officials are still 
extremely vague as to where the new 
aircraft are going to be operated. More- 
over, the operations and maintenance 
problems of the carrier are of a unique 
nature. BOAC officials, who run the 
airline under a management contract, 
maintain a pained silence when ques- 
tioned on how the carrier plans to oper- 
ate a fleet of aircraft flown by British 
and Russian pilots and maintained in 
London and Moscow. 

On route structure, the only certainty 
is that the carrier’s newly delivered 
Britannias will take over on the Accra- 
London twice-wceklv run from the 
chartered BOAC operation. One route 
runs from Accra to London via Bar- 
celona. Second route goes from Accra 
to London via Tripoli and Rome. Car- 
rier docs not have Fifth Freedom rights 


Ghana Airways will operate this 
Accra-London sendee under a pool ar- 
rangement with BOAC. Carrier hopes 
to be able to offer nonstop Accra- 
London service next spring when a 
new runway at Accra will permit maxi- 
mum takeoff weights for the Britannia. 

Ghana Airways expects to be operat- 



ing its fleet of Il-ISs by year-end. For 
the moment it is expected they will be 
put on the west African coastal route, 
replacing the DC-3s. This route, oper- 
ated in a pool agreement with Nigerian 
Ainvays, links Accra on the north with 
Dakar, Bathurst. Conakry, Freetown, 
Robertsficld (Monrovia) and Abidjan 
and with Lagos, Nigeria, to the south. 
Il-ISs will operate this route at least 
until the carrier takes delivery of its 
three Viscount SOOs in mid-1961. 

Outside of this established route 
structure, the only new route in the 
offing is one linking Accra to Beirut via 
Kano, Nigeria; Khartoum, Sudan; and 
perhaps Cairo. 

This route is slated to be opened 
next spring with Britannia and perhaps 
11-18 service. 

The carrier, however, has been told 
by the government to prepare studies on 
new routes from Accra toward such dis- 
tant points as Moscow, New Delhi. 
Tokyo. Rio de Janeiro and even New 
York. It is with such routes in mind 
that Ghana is negotiating for long range 
Boeing 707s and Vickers VC-1 0s. 

While the government is determined 
to build up Ghana Airways as an inter- 
national carrier it is also seeking to put 
Accra Airport on a par with other west 
African airports such as Dakar in the 
Senegal and Kano in Nigeria. To do 
this, the government has granted Fifth 
Freedom rights virtually to any carrier 
willing to fly into Accra. At the moment 
12 carriers are now offering service to 

Government also is about to grant 
full Fifth Freedom rights to El A1 
Israel, United Arab Airlines and Cesko- 
slovcnskc Acrolinie, the Czech National 
airline. CSA currently terminates its 
Prague-west African sendee in Cona- 
kry, Guinea. 


This generous aviation policy already 
is hurting Ghana Ainvays. Carrier's 
biggest revenue gainer was its pool deal 
with BOAC on the Accra-London serv- 
ice. Yet the Ghanaian government 
waved aside carrier protests in granting 
KLM full rights on the Dutch carrier's 
new weekly sen-ice between Amsterdam 
and Accra via Zurich and Tunis. 

Moreover, the Ghanaian “oper-door” 
aviation policy is beginning to annoy its 
big neighbor, newly-indepcndcnt 
Nigeria. Latter country currently is 
following a much more conservative 
aviation policy in an attempt to build 
up a national carrier. Nigerian govern- 
ment reportedly feels that Ghana's 
ambitious plans are confusing the whole 
aviation picture in west Africa. 

Western observers in Accra also 
wonder whether the Ghanaian govern- 
ment fully understands the heavy 
financial load involved in its undertak- 
ing in beefing up Ghana Airways. 
Ghana admittedly is a fairly rich coun- 
try by west African standards. But 
the government is spending huge sums 
in fields other than aviation, and ob- 
servers wonder how long the govern- 
ment can underwrite Ghana Airways' 
slated annual operating deficit. 

Moreover, the present aviation situ- 
ation in Ghana presents BOAC with a 
delicate problem. BOAC signed a 
seven-year management and training 
contract with the Ghanaian government 
when Ghana Airways was set up in 
1958. Contract was signed, however, be- 
fore BOAC was aware of the Ghanaian 
government’s airline ambitions or its 
intention to operate Russian aircraft. 

Now, BOAC management personnel 
working for Ghana Ainvays find them- 
selves committed to run an airline whose 
important equipment and route deci- 
sions are often made without their 
knowledge. And if the whole costly 
operation collapses someday, it is only 
natural to expect the Ghanaian govern- 
ment to put the blame on the BOAC 
management. 

For the moment, BOAC seems re- 
signed to follow a tight-lipped policy. 
Moreover, if it decided to move out of 
its management commitment it is prob- 
able that the Russians would immedi- 
ately offer to move in. This transfer 
would be fairly easy to make since 
Russian aircraft and personnel already 
arc being phased into Ghana Airways. 

Ghanaian government's new equip- 
ment purchases, moreover, emphasize 
the airline’s non-African character. Un- 
til recently only some 30 employes— 
mostly top management and pilots — 
were non-African out of a total of some 
350 employes. Now with nearly a hun- 
dred Russian air and ground crew- 
members moving in, plus British crews 
for the Britannias and Viscounts, the 
airline is losing what little African color- 
ing it had. 
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BOEING 727 wingspan will be 108 ft. 7 in., over-all length 134 ft 1 in., height from ground 33 ft. 9 in. and fuselage width 12 ft. 4 in. 
Wing sweepback at the quarter chord will be 32 deg. Maximum gross weight will be 142,000 lb.; plane will cruise at 550-600 mph. 


Eastern, United Order Boeing 727 Jets 


By Glenn Garrison 


New York— Long-expected decision that Boeing Airplane Co. will build the 
short-medium range 727 jet transport was revealed last week along with con- 
firmation that Eastern Air Lines and United Air Lines have ordered the 
three-turbofan powered airplanes. 

Eastern will buy 40 and United has placed a firm order for 20 and an order 
for 20 more that will automatically become firm either with consummation 


of the proposed Capital Airlines-United merger, or upon the maintenance by 
United of certain projected financial ratios (AW Feb. 29, p. 43). 


i nee or rue oo plants witn spares 

totals more than S350 million. The 727 
without spares sells for about S4i mil- 
lion. Delivery is scheduled for late 
1963 (AW Oct. 10, p. 42). 

Boeing President William M. Allen 
said production drawings arc now being 
released to Boeing shops and the first 
727 is expected to fly within 15 months. 

Allen called the decision to produce 
the rear-mounted-engine 727 "one of 
the most important our company has 


made in its existence." Boeing recog- 
nizes the substantial risks involved in 
the project, he said, but believes the 
potential is great enough to justify the 
risks. 

Boeing must sell 200 of its 727s to 
make the venture a financial success, 
Allen said. This sales requirement is 
over a period of eight to 10 years. 

Eastern had been looking for some- 
time for a medium range jet that would 


suit the requirements of the airline’s sys- 
tem, according to Malcolm A. MacIn- 
tyre, president of Eastern. Many of 
Eastern's routes are 500-1,000 mi. and 
many cities now served lack the traffic 
density to fill high-capacity aircraft, 
MacIntyre said. The 70-114 passenger 
727 will provide the needed capacity 
range and also the economy to serve 
these points. Another factor is the short- 
rumvay requirement at many smaller 
cities where the aircraft must operate 
from 5,000 or 6,000-ft. strips. 

MacIntyre said his airline will be al- 
most completely jet-equipped with de- 
livery of the 727s but Lockheed F.lec- 
tra turboprops will continue very short 
haul points. Average Electra segment 
on Eastern's routes now is 300 mi.. 
MacIntyre said. 

No firm credit arrangements have 
been made for the 727 purchase. Mac- 
Intyre said, but Eastern, under present 
arrangements, can borrow more money 
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when needed. No debt or equity fi- 
nancing for the purchase is anticipated 
for at least two years, and most of the 
funds will come from depreciation and 
cash flow, MacIntyre said. 

United has been working for several 
years on its short-medium jet require- 
ments, according to ). A. Herlihv, senior 
vice president-engineering and mainte- 
nance. In a worldwide search for the 
right airplane. United became inter- 
ested in the tail-mounted engine designs 
“catching on” in Europe— the Sud Cara- 
velle and the de Havilland DII-121 
Trident design. 

But United, which has ordered 20 
Caravcllcs and took options on 20 more, 
wanted a more advanced airplane than 
the French twin-jet, Herlihv said. For 
a large-scale order and for the long- 
range program. United was looking for 
a jet “more developed in the state of 
the art” than the Caravelle. according 
to the engineering official. 

The major factor in the Caravelle 
order was the availability of the aircraft, 
Herlihv said. Delivery is scheduled to 
begin next year. United has not yet 
decided whether it will exercise its op- 
tion and buy additional Caravcllcs. 
Merger Plans 

The 40-planc 727 order “is only the 
beginning,” Herlihy said. If the merger 
with Capital goes through, many more 
727s will be needed. United will add 
about 20 new cities to its jet pattern 
with the 727, and the airplane also will 
serve cities already served by United’s 
larger jets, the Douglas DC-S and 
Boeing 720. 

Financing for United's order will be 
accomplished by a program now under 
way, involving the sale of S25 million 
in convertible debentures and the ex- 
pansion of a line of bank credits from 
$130 to $165 million (AW Nov. 28, 
p. 45). 

Both airlines will use the 727 in 
mixed configuration at the start of serv- 
ice. But the airplane can go to all-coach 
at a later point, MacIntyre said, and 
this is one advantage it has over the 
Caravelle: the 727's fuselage is wide 
enough to permit three-abreast seating, 
whereas the Caravelle' s is not. 

The 727's high lift devices will in- 
clude triple-slotted trailing edge flaps 
and leading edge flaps and slats. The 
slats extend forward and down from the 
upper leading edge of the wing at low 
speeds. In cruise, the slats retract into 
the wing to pros ide a high speed leading 

The aircraft’s vertical fin is fitted near 
its top with horizontal stabilizer and 
elevators. Tail fin and rudder are swept 
sharply aft. Sweepback of the 727’s 
wing (32 deg.) is somewhat reduced 
from Boeing 707 and 720 models. Con- 
trol system of the 727 incorporates dual 
hydraulic packages to power elevator 


and lateral control surfaces through 
complete surface travel, and the rudder 
is controlled by dual hydraulic power 
packages. 

The rear-mounted engines are ar- 
ranged in one pod on cither side of the 
fuselage and a cowl-enclosed third 
engine suspended from a beam at the 
rear of the fuselage. An air intake leads 
to this engine from the base of the 
vertical fin. Gross weight of the 727 is 
142,000 lb. Its Pratt & Whitney JTSD 
turbofan engines will produce 14,000 
lb. of thrust each. 

A feature of the 111 is its two sets 
of self-contained passenger stairs, one 
of which will serve an exit under the 
airplane's tail in the manner of the 
Martin 4-0-4 piston aircraft. The other 
integral stairs will serve the second pas- 
senger door, located forward of the 
wing on the left side of the plane. 

Many features of the 727 will be 
common to the 707 family, thus shaving 
some of the production costs and pro- 
viding airlines with an interchangeable 


spare situation. A design objective was 
used where possible in tooling for the 
707-720 scries. Body width will be the 
same, as will principal airplane systems. 

Regarding foreign markets for the 
727, Allen listed Lufthansa as a strong 
prospect and said Boeing hopes to sell a 
large number of the jets to that carrier. 
Airlines and financial sources report the 
number might be as high as 25, pre- 
sumably for the West German airline's 
European routes. Other European air- 
lines have shown interest, Allen said, 
but Boeing recognizes the severe compe- 
tition from foreign manufacturers of the 
Caravelle and DH-121. Nearest domes- 
tic competitor, according to Allen, is 
the Convair 880. 

The three-engine configuration of the 
727 is patented by Sud Aviation, and 
Boeing got Sud's permission to use the 
arrangement. The British manufacturer 
of the DH-121 reportedly does not have 
such permission as yet, although nego- 
tiations are under way with Sud. 

Eastern and United worked with 
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LOCKHEED JETSTAR 
DOES EVERYTHING 
THE BIG JETS DO 

( yet lets you set the schedule ! ) 


AND PRATT & WHITNEY 
AIRCRAFT JET ENGINES 
HELP MAKE IT POSSIBLE 


YOU say where and when— and the new 
Lockheed JetStar flies you there with jet- 
liner speed. comfort, quiet and reliability. 
It has intercontinental capabilities, yet 
can land at smaller airports. Four Pratt & 
Whitney Aircraft JT12 engines power the 
JetStar. Each weighs only 436 pounds 
but develops 3,000 pounds thrust— one 
of the most efficient and reliable power- 


plants ever developed. Its simple, rugged 
design insures easy maintenance and 
high operational reliability. Backed by 
Pratt & Whitney Aircraft's world-wide 
service, the JT12 is an engine conceived, 

one of the reasons why so many leading 
firms in the U. S., Canada and Europe 
have already ordered Lockheed JetStars. 



PRATT & WHITNEY AIRCRAFT 

East Hartford, Connecticut 
A DIVISION OF UNITED AIRCRAFT CORPORATION 



Northeast Pilots Check Out in Convair 880 

on Dec. 1 5: airline has ordered six 880s. Initially, Northeast will use the airplane on daily round trip flights from Boston to Miami, Fla., 
with one stop at Philadelphia. First 880 delivered to Northeast (above) flew from Convair's plant at San Diego, Calif., to Boston in 
4 hr. 17 min. for an average ground speed of 638 mph. over the 2,730 mi. course. Second plane flew the trip in 4 hr. 19 inin., reaching 
a peak speed of 708 mph. between Springfield and St. Louis. Mo. Sixth airplane will be delivered next February. 


Boeing to standardize their aircraft as 
much as possible as a cost saving 
measure. Galley equipment, for ex- 
ample. will be at a similar location in 
both intcriors-about mid-planc. In fact 
the aircraft for the two airlines will be 
similar in almost every respect, which is 
a departure in airline practice. 

Eastern’s vice president-engineering 
Charles Froesch, who has been inter- 
ested in three-engine transports for 
some years, believes the primary advan- 
tage of three over two jet engines results 
from the turbine’s loss of power on hot 
days. With only two engines, this loss 
can cut payloads to allow takeoff at 
required powers. Also, with two en- 
gines, Frocsch told Aviation Week, an 
airplane can be grounded by the failure 
of a system such as the alternator, major 
hydraulic pump, or cabin supercharger. 
With three engines, failure of one sys- 
tem still leaves ’two. Another advantage 
cited by the Eastern official is the three- 
engine plane’s capability of being 
ferried between stations with one 
engine out. 

Aircraft Compared 

The 727 on a hot day, Froesch said, 
could operate from a 3,000 ft. runway 
where a Caravclle under similar condi- 
tions would require 7,500 ft. The 727 
can operate from La Guardia Airport. 
Frocsch said, and the Caravelle can not. 

Asked about Boeing's possible plans 
in the supersonic transport field, Allen 
said his company has been spending 
more than $1 million a year on studies 
of such a project. These studies are 
expected to continue, he said, to keep 
Boeing in position to compete "when 


and it" a market develops for economi- 
cally feasible transports in this category. 

Boeing estimates the market for a 
727 class airplane— in addition to 213 
orders now in hand by all manufactur- 
ers— at 350 for the 1961-65 period and 
575 for 1966-70 or a total of 925. Boe- 
ing expects to get its share of this 
market, which would be about 380 air- 
planes if Boeing maintains its current 
41% share of the total jet transport 
market. 

Because of the standardization of the 
727, and because of what Boeing has 
learned in the 707 program, the com- 
pany does not expect to take any in- 



ventors losses on the new airplane. 
H. W. Haynes, Boeing vice-president- 
finance. reported. One important les- 
son, Haynes indicated, has been in cost 
forecasting, and Haynes noted the 707 
production cost picture has improved 
markedly this year. 

Non-inventory charges, which include 
design engineering, FAA certification 
and other such costs not directly con- 
nected with production of the aircraft, 
might run as high as S4 million after 
taxes in 1961 and S5.3 million in 1962, 
Haynes said. Total non-recurring 
charges— which include both inventors' 
costs such as production tooling and 
engineering, and non-inventory charges 
as certification-will total S100 million, 
he added. 

Inherent Risks 

Though Haynes pointed out the risks 
inherent in any such program, his fore- 
cast that there ss-ould be no inventory 
svrite-dosvns like those that have burd- 
ened all commercial jet transport build- 
ers (AW May 2, p. 177) indicates the 
initial 80 orders may put the program 
close to the inventory breakeven point. 
Haynes said this breakcs-cn point is 
much lower than the 200-airplane over- 
all breakeven. 

After analysis of airline programs, 
Boeing is confident the airlines will be 
able to arrange financing for 727 orders. 
United’s present financing program, 
plus its estimated cash throw from de- 
preciation in 1964-65 of $75 million is 
expected to provide ample resources. 
Similarly, Eastern's policy of retaining 
earnings to build equity in previous 
years is regarded as significant now. 
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PROBLEMS? 

OR PROFITS! 

Route pattern complexities of typical airlines de- 
mand a cargo aircraft with the capability of oper- 
ating over both short and long route segments 
with excellent economy and earning ability. The 
Canadair Forty Four will do this for you! It com- 
bines the air cargo feeder liner with the long range 
aircraft to provide a standardized economic fleet 
unit. The Forty Four will give you profit-making 
operations, at current rates, over route segments 
as short as 200 miles and as long as 4,000 miles. 

This is the type of flexibility that will answer the many 
and varied problems confronting airline operators who, 
because of the growing demands of shippers, are being 
forced to provide a combination of short, medium and 
long range air cargo services for the carriage of freight at 
attractive and competitive tariffs. In this situation, the 
Canadair Forty Four offers excellent economy and earn- 
ing ability over the complete range of route structures 
that must be provided in the collection and distribution 
of air cargo. 

Practical applications of this are found in the short route 
cargo services that are necessary in the supply and dis- 
tribution of goods to or from the terminal points of trans- 
continental and trans-Atlantic services. This is evident 
between the major cities of the Eastern United States and 5. 
between the principal points of Europe. These inter-city 
runs are essential ex tensions to the long haul trunk service, 
and with the Forty Four can be handled without a 6. 
change of aircraft. 


The need for this system of short, medium or long range 
operations will develop through the growing awareness 
among business establishmentsthatthecarriageofarticles 
by air is becoming an essential element in the overall 
marketing function. This will open up new markets, new 

transportationrequirements, new inter-city services. The 
Forty Four, with its flexibility of performance, can carry 
cargo at a profit over the whole distance spectrum — short, 
medium and long range, and has the airfield performance 
characteristics to get in and out of 85% of the world’s 
major airports, these are decisive advantages in 

FAVOR OF THE FORTY FOUR. 


SOME RUNWAY AND PAYLOAD SPECIFICS ON THE 
FORTY FOUR-D4 

1. From runways as short as 6,000 feet, can operate with 
70% payload up to stage distances of 3,000 miles. 

2. Can operate from 85 % of the world’s major airports, 
with due consideration to both runway length and 
allowable wheel loading. 

Will earn an operating profit with load factors as low 
30%. 

Breakeven load factors in the Forty Four represent 
loss loads on larger proposed equipment. 

Breakeven load factors on larger proposed equipment 
represent major profit payloads on the Forty Four. 
Can operate non-stop on the London-New York route 
with an average annual payload of over 55,000 lbs. 

DYNAMICS 


CANADAIR LIMITED, MONTREAL, CANADIAN SUBSIDIARY OF GENERAL 


FAA Eases Turbo Compound Criteria 


By David H. Hoffman 

Washington— Federal Aviation Agen- 
cy last week offered U. S. airlines an 
easier way to stretch the number of 
hours Curtiss-Wright Turbo Compound 
engines may be operated between over- 

It did so by furnishing the industry 
with a new formula under which carriers 
can add 100 hr. to the authorized time- 
span separating overhauls of the 18- 
cylinder engines if failure rates are held 
below .4 per 1,000 hr. for a three- 
month period. 

Meanwhile, Curtiss-Wright's own 
two-year-old program to drive down the 
failure rate of Turbo Compound en- 
gines has helped reduce premature re- 
movals by about 50% and promises to 
save the industry upward of $30 mil- 
lion a year in future maintenance and 
overhaul costs. 

The new FAA “numbers” governing 
time between overhaul (TBO) exten- 
sion for TCI 8 scries engines represent 
a 100% relaxation of the old formula, 
which lumped Turbo Compound and 
turbojet powerplants together and ruled 
that neither could cam TBO increases 
until a failure rate less than .2 per 1,000 
hr. had been achieved. 

Working within the confines of this 
inflexible ratio, no U. S. airline to date 
has penetrated the 1,500 hr. TBO 
barrier on the 5,2 50 to 5,400 hp. power- 
plants used by Douglas DC-7 and Lock- 
heed Super Constellation type trans- 
ports. Foreign flag carriers, by contrast, 
are operating the big piston engines up 
to 2,200 hr. between overhauls without 
suffering significant increases in their 

Flying some of the longest ovenvater 
routes in the entire industry, Qantas has 
been operating its TCI 8s at 2,200 hr. 
for months. To round out a random 
sampling. Trans-Canada is at the 2,100 
hr. mark, while KLM and Varig use 
Turbo Compound TBOs of 1,700 hr. 
and 1,600 hr. respectively. 

Operated in the United States since 
American Airlines inaugurated trans- 
continental DC-7 schedules in October, 
1955, TC18 engines, through Nov. 1. 
have accumulated 49,799,737 hr. of 
military and commercial service. In all, 
Wright has built 3,913 commercial 
versions of the TCI 8 and more than 
7,500 military models since 1952, the 
year production started. New engines 
still are manufactured for Lockheed 
P2V series aircraft at the Wright plant 
in Caldwell, N. J. 

With about 2,500 sq. in. of close 
tolerance parts inside it (typical airline 
turbojets have about 100), the TCI 8 
has not been able to match the low 


failure rates of most other engines in 
airline service. Nevertheless, the Turbo 
Compound powerplants have responded 
to the Wright reliability program in a 
manner best reflected by these statistics: 

• Pre-time removals requiring overhaul 
numbered 3,836 in the first half of 

1959. During the first six months of 

1960, however, commercial operators 
removed only 2,466 TCI 8s for early 
overhaul— a decrease of 64%. 

• Peak premature removal rate of 1.1 
per 1,000 engine hours for any month 
in 1959 was reached in June by U. S. 
airlines. Through the summer of this 
year, peak rate reported was .7 per 1,000 
hr. in the month of March. 

• Unmodified TC-18s-tho.se without 
the 100 deg. cam and all-steel fuel 
injection line fixes recommended by 
Wright in the summer of 1959— were 
removed at a .116 per 1,000 hr. rate for 
combustion chamber failures during the 
year ending Aug. 1. Engines incorpor- 
ating these two fixes, by contrast, had a 
.031 per 1,000 hr. premature removal 
rate attributable to cylinder malfunc- 
tions in the same period. 

Such substantial improvements in the 
engine’s reliability indicate that many 
U. S. operators already are in position to 
exploit the new FAA TCI 8 Time Con- 
trol Program. As a result, their TC18 
TBOs probably will begin climbing 
before the year is out, saving each car- 
rier roughly $2,500 per year per engine 
in overhaul costs as a result of each 
100 hr. increase. 



To avoid penalizing small operators, 
those with too few engines to make 
the failure rate formula meaningful, 
FAA has entrusted its field inspectors 
with a measure of discretion in award- 
ing or withholding TBO extensions. 
Thus a carrier flying one or two DC-7s 
might win a new TBO increment 
despite a failure rate higher than .4 per 
1,000 hr. if Federal Aviation Agency 
was satisfied after inspecting a sampling 
of its engines. 

On the other hand, larger airlines 
may find their TBOs moving backward 
under the new formula. At rates be- 
tween .4 and .6 failures per 1,000 hr., 
authorized TBO remains static. But 
FAA intends to roll TBOs backward 
100 hr. if a given carrier’s rate holds 
above .6 for a full quarter. 

In essence, FAA’s TC18 Time Con- 
trol Program strikes a compromise be- 
tween a rigid failure rate formula for 
TBO extension and a system based 
upon the inspection of disassembled 
engine in the field. The compromise 
lies in the “judgment factor” entrusted 
FAA inspectors and in the relaxation of 
the failure rate ratio itself. 

Airlines and manufacturers, on the 
ether hand, seem to prefer a TBO con- 
trol system similar to that proposed re- 
cently by Curtiss-Wright. This would 
grant an operator a maximum TBO in- 
crease of 200 hr. if 85% of his engines 
reached authorized overhaul time with- 
out malfunctioning. To preclude exces- 
sive repair of failing engines, Curtiss- 
Wright urged that a maximum allow- 
able premature removal rate of .8 per 
1,000 hr. beset. 

Choosing the path of compromise, 
FAA emphasizes that it has not aban- 
doned its “statistical approach to quality 
control” in promulgating the new pro- 
cedures. Now framed as amendments to 
each airline's operating specifications, 
the TCI 8 program will be made the 
subject of proposed FAA rule-making 
sometime next year (AW May 9, p. 38). 

Hence the whole subject of failure 
rate formulas for controlling the TBOs 
of various engines— referred to as the 
"numbers game” within the industry— 
probably will be codified as a section 
of the Civil Air Manuals despite the 
heated protests of U. S. airline mainte- 
nance departments. 

Keyed to a global data collection sys- 
tem in which every Turbo Compound 
premature removal is catalogued by a 
Wright representative, the manufac- 
turer’s reliability program summarizes 
the current status of all TCI 8 engines 
by month, by operator and by problem 
area. Sizable carriers among the 43 
now operating TCI 8s arc assigned full- 
time representatives. Groups of smaller 
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Teamwork: the best anti-submarine weapon 

In the air, on the surface and under water, they work 
together- Teamwork, itself, becomes a science in hunt- 
ing down a sub. Technically advanced equipment — 
teamed up with deadly precision — is being designed 
to leave enemy subs no escape. This future is taking 
shape now in broad studies at Vought Aeronautics. 
Aircraft, developed especially for most efficient use 
of electronic search equipment . . . advanced sono- 
buoys . . . even space systems, under study by Vought 
Astronautics. These and other ideas are undergoing 
analysis, or actual test in Navy ships and planes. By 
drawing on the broad resources of its sister divisions, 
Vought Aeronautics, like the Fleet, is using teamwork 
to serve the Navy’s Number One Mission. 


CHANCE 

VOUGHT 



AERONAUTICS 

DIVISION DALLAS, TEXAS 




Riddle Completes Deal for Seven AW 650 Argosies 

Riddle Airlines, Inc., and Armstrong Whitworth Aircraft. Ltd., have signed a $12 million contract for delivery of seven AW 650 Argosy 
four-tnrboprop freighters (AW Oct. 5, p. 43). Riddle subsidiary expects to receive first aircraft in San Juan this week. 


carriers arc served by a Wright engineer 
who divides his time among the main- 
tenance bases in bis area. 

T rou ble-Shoo ters 
These representatives reduce all pre- 
time removals, regardless of cause, to a 
punch-card report capable of being fed 
into an International Business Ma- 
chines Corp. computer at Wright’s 
New Jersey plant. After analysis, the 
cards are crosschecked for accuracy 
with the applicable airline’s mainte- 
nance department, then run through a 
computer programed to furnish these 
three basic reports: 

• TCI 8 Removal and Disassembly 
Listing. Published monthly, this lists 
all premature removals that occurred 
during the three months prior to the 
report. Information includes date, en- 
gine number, time since overhaul, geo- 
graphic location of the removal, 
whether problem led to overhaul or 
repair, initial reason for removal and 
findings after disassembly inspection. 

• Twelve-Month Premature Removal 
Tabulation. Furnished every TCI 8 
operator monthly, this report breaks 
down all removals by airline, by month 
and by cause. Two removal values are 
given for each of about 55 engine 
areas in which trouble could develop. 
The first shows engines sent to over- 
haul and the second shows engines 
found repairable. Last section of the 
report is a summary of all operators’ 
premature removals by cause. 

® Airlines Summary Report of Prema- 
ture Removal Analysis. Sent monthly to 
20 selected operators and quarterly to 
all operators, this report uses curves to 
plot removal rates for 1960. comparing 
it with 1959. One curve contrasts over- 


all removal rates; three others show re- 
morals stemming from combustion 
chamber, exhaust valve and impeller 
drive section malfunctions— the three 
main problem areas with the TC18. 

Going beyond data analysis work, 
Curtiss- Wright sends a team of profes- 
sional trouble-shooters to every inter- 
ested airline about twice a year. After 
two weeks of observing the carrier’s 
maintenance operation, during which 
an exhaustive questionnaire is answered, 
these emissaries prepare a confidential 
field survey report for the airline’s top 
management. 

This illuminates substandard prac- 
tices and potential trouble areas, al- 
ways stressing preventative rather than 
remedial maintenance. 

En route, the Curtiss-Wright survey 
teams absorb any improved repair tech- 
niques originated bv the carrier's engi- 
neers and pass these on to the industry. 
Thus the program offers a pipeline for 



the exchange of technical information 
between vendor and customer. 

The industry’s partial transition to 
jets in one sense has aided Curtiss- 
Wright in its effort to boost TC18 re- 
liability. As jets replace DC-7s and 
Super Constellations on longer-range 
schedules, U. S. airlines no longer need 
fly their big piston transports coast-to- 
coast inside of eight hours to avoid 
double crewing. As a result, cruise 

f iower settings arc being reduced, re- 
ieving some of the strain formerly im- 
posed on TCI 8 engines. 

Maintenance Problem 

But at the same time, the jets pre- 
empted the top maintenance men in 
most airline shops just as the Curtiss- 
Wright reliability program got under 

Their replacements, though often 
unversed in TCI 8 troubleshooting, 
were responsible for the Turbo Com- 
pound's falling removal rate in the last 
two years. 

Curtiss-Wright readily admits that 
its reoriented TCI 8 reliability program 
was long overdue, explaining that after 
30 years of close association with the 
airline industry, “We never quite recog- 
nized that somewhere along the line it 
changed from a 'small' to a 'big’ busi- 
ness. We found ourselves with 43 op- 
erators spread all over the world, with 
all types of people, with all types of 
shops. The people dealing with us were 
getting farther and farther away from 
the hardware. Our old system of get- 
ting the facts just could not cope with 
the situation." 

Hence the five-year lag between in- 
auguration of TC18 service and the 
start of the reoriented program. 
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.WHERE CAPABILITY HAS MANY FACES 


Expanding the frontiers of knowledge through basic research is the 
business of the Boeing Scientific Research Laboratories, left. Here 
Boeing scientists are at work in the fields of solid state physics, flight 
sciences, advanced mathematics, plasma physics and geo-astrophysics. 



SPACE GLIDER. Artist’s concept shows Dyna Soar 
manned space glider perched atop modified Titan ICBM 
for launching. In space, the glider and booster would 
separate, leaving Dyna Soar vehicle in piloted, near-or- 
bital flight. Pilot could later glide to conventional landing 
at a selected base. Dyna Soar is being developed by the 
U. S. Air Force in cooperation with NASA, with Boeing 
as prime contractor for both the system and the glider. 


SHOCK TUBE. Industry’s most powerful shock tube, 
designed and built by Boeing Scientific Research Labo- 
ratories scientists, creates shock waves which begin 
at 300 times speed of sound, then collide in tube at 
"slowed” rate of 80 times speed of sound. Gas tempera- 
ture within the tube reaches approximately one million 
degrees. Studies could be important in developing effec- 
tive ion and plasma-propulsion systems for use in space. 









SHORTLINES 


AIRLINE OBSERVER 

► Federal Aviation Agency is expected to complete analysis of ground and 
flight test data on Lockheed Elcctra wing modifications in January, although 
an intensive effort by FAA and Lockheed may make it possible to lift speed 
limits on modified aircraft by the end of this month. Engineering data on 
the modification program were approved by FAA last week. Once FAA has 
approved the program and issued an amended Electra certificate, speed limits 
will be lifted on all modified aircraft. 

► Airline industry will launch a major campaign in 1961 to lure more 
travelers from the highway to air transportation. Air Traffic Conference has 
adopted a program which includes field survey of private automobile travel 
as a first step toward developing new ways of tapping this market. 

► Russia's Aeroflot expects present dominance of turboprops in its transport 
fleet to continue for at least another four years. The carrier’s plans call for 
turbojets to account for slightly over 40% of total ton miles flown in 1965. 
That would make the turboprop transport’s share of traffic close to 55% 
of the total since, according to previous statements, only 5% of Aeroflot’s 
1965 ton miles will be flown by piston-powered aircraft. The Russian airline 
also reports that twin-jet Tu-104s and four-turboprop 11-1 8s and An-lOs are 
now flying “over half" of total ton miles generated by Aeroflot. This com- 
pares with 10% in 1957, 17% in 1958 and 33% in 1959. 

► Domestic trunkline earnings this year will fall about SI 00 million short 
of the level necessary to produce the 10.5% rate of return on investment 
recommended by the Civil Aeronautics Board in its recent final decision in 
the General Passenger Fare Investigation (AW Dec. 5, p. 40). 

► Federal Aviation Agency has proposed a major revision of civil air regula- 
tions governing U. S. flag carriers operating outside the U. S. following 
several years of conferences and talks with the industry and Civil Aeronautics 
Board. Chief purpose of the revision is to bring regulations, which were 
first written in 1945, up to date to conform more closely with the advancing 
state of air transportation and the changing characteristics of the aircraft 
in use. Rewriting will minimize the need for interpretative manuals issued 
periodically to elaborate on amendments to the regulations. 

► Trans World Airlines' petition for a 10-dav exemption to carrv passengers 
in seven Lockheed 1049 aircraft after Jan.’ 1 without weather radar has 
been denied by the Federal Aviation Agency. Exemption was requested 
because of a delay in receiving Convair 880 aircraft and because of changes 
in corporate plans. Oscar Bakke, director of FAA's bureau of flight 
standards, said justification in support of the petition "is based on an 
internal administrative problem dealing with the purchase of Convair air- 
craft which is within the jurisdiction of TWA to correct" and that an 
exemption because of these reasons would not be in the public interest 
nor promote safety. 

► Scheduled airlines have invested $49 million in the purchase and installa- 
tion of noise suppressors on the 207 U. S.-built turbojet transports alreadv 
delivered. Cost of one suppressor is $60,000. Douglas Aircraft Co. has 
estimated operating penalty of sound suppressors at $93,000 per year per 
airplane. When all turbojet equipment is delivered, airline industry will 
be spending $37 million additional in annual operating expenses to keep 
noise suppressed. 

► Current NOTAMS issued by Federal Aviation Agency stress a grow- 
ing trend toward flight restrictions in the Caribbean area. Cuba has 
established a prohibited corridor on the north coast of the island extending 
30 mi. out to sea and warns that any aircraft within this zone will be 
intercepted by military patrols and forced to land. Haiti has prohibited 
n on-scheduled civilian aircraft from flying over its territory and has warned 
that unidentified aircraft may be fired on. Dominican Republic requires 
that permission to land in or overfly its territory must be requested through 
government channels at least 72 hr. before a flight. Once permission has been 
received, a flight plan must be submitted 24 hr. in advance of the flight. 


► Air India is planning to initiate a 
weekly Boeing 707 turbojet service from 
Bombay to Tokyo, via Bangkok and 
Hong Kong. 

► Boeing Airplane Co. reports that as 
of Nov. 29, it had delivered 150 707 
series and 20 720 series transports to 
the airlines. 

► British European Airways plans to be- 
gin service with newly certificated 105- 
passenger Vickers Vanguard turboprops 
Dec. 17 for Christmas season service 
from London to Paris, Glasgow and 
Belfast (AW Dec. 5, p. 41). BEA 
now expects to put the Vanguard into 
full scheduled sendee in March. 

► British Overseas Ainvays Corp. will 
begin Boeing 707-436 Intercontinental 
nonstop turbojet sendee between Lon- 
don and Los Angeles via the polar route 
Mar. 2. The twice weekly flights will 
be operated initially with 32 seats in 
first class and 97 in economy class. Dur- 
ing the peak summer season, the aircraft 
will carry 24 first class seats and 111 
economy seats. BOAC has begun all- 
cargo operations with its converted 
Douglas DC-7F transports. The cargo 
aircraft can carry 30,000 lb. on flights 
from New York "to London via Glasgow 
or Montreal and Manchester twice 

► Iberia Air Lines of Spain has opened 
its new eight story administration build- 
ing at 518 Fifth Ave.. New York City. 
N. Y. Building will serve as Iberia's 
U. S. headquarters, with a ticket office 
on the ground floor. 

► Lufthansa German Airlines plans to 
begin using the new Rhine-Ruhr Air- 
port at Colognc-Bonn with the initia- 
tion of its 1961 summer schedules. 
The new international airport is sched- 
uled for completion next spring. Luf- 
thansa also will extend its Boeing 707 
turbojet Frankfurt-Bangkok service to 
Tokyo via Hong Kong early next year. 

►North Central Airlines has received 
Civil Aeronautics Board permission to 
overfly Manistee/Ludington, Mich., 
until 60 days after the cities' joint 
airport can make improvements en- 
abling it to handle North Central's 
Convair 340 aircraft. 

► Sabena Belgian World Airlines has 
started Brussels to Montreal and Mex- 
ico City service with twice weekly 
flights using Boeing 707 Interconti- 
nentals. 
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phased arrays. We soon will face the crucial problem of identifying and keeping track of 
hundreds of man-made objects in outer space. Phased Array Radar techniques, developed at Bendix Radio, 
offer a solution. If many widely-spaced satellites or missiles hurtled over the horizon in the same minute, a 
tremendously high-powered Bendix* radar, directed by a computer, could acquire, identify, track and catalog 
each one without losing previously acquired targets. The Bendix Radio Phased Array Radar offers the most 
versatile 3-D data gathering system yet devised. It searches and tracks multiple targets simultaneously. It can 
provide long-range communications at the same time. If your organization deals in advanced operational concepts 
and weapons systems, you're invited to contact us to learn more of this latest Bendix space development. 


Bendix Radio Division 

GOVERNMENT PRODUCTS • BALTIMORE 4, MARYLAND 
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Hughes Communication Satellite Detailed 



By Barry Miller 

Culver City, Calif.— First details of a 
lightweight, potentially inexpensive ac- 
tive communication satellite capable of 
relaying up to 600 two-wire telephone 
messages over transcontinental distances 
were revealed last week by Hughes Air- 

Thc company also made known pre- 
cisely how it could boost this communi- 
cation repeater (AW Oet. 17, p. 26) 
into a 22,759 mint. mi. stationary orbit 
using a modified National Aeronautics 
and Space Administration four-stage 
solid-propellant Scout vehicle launched 
from an uninhabited equatorial island 
in the Pacific Ocean. 

Combining simplified control con- 
cepts and integrated avionic techniques, 
Hughes scientists constructed an op- 
erating prototype of a spin-stabilized 
communication satellite. This wideband 
communication transponder accepts 
U1I1- signals and retransmits them in 
S-band. The payload can be placed into 
an inclined synchronous orbit (24-hr. 
orbit) by a Thor-Delta booster fired 
from Cape Canaveral, Fla. 

After separation from its final stage— 
a special apogee rocket- the Thor-Delta 
payload weighs 52 lb. A similar Scout 
version is still lighter— it would weigh 
52 lb, after apogee rocket fuel is 
exhausted. 

Hughes is one of a growing number 
of companies (AW Oct. 31, p. 32) at- 



tracted to the feasibility of economical 
relaxing of quantities of telephone-tele- 
graph messages, as well as television, 
across continental distances by earth 
satellites. 

NASA’s recent decision to make- 
boosters, range and tracking facilities 
for satellite launchings available at cost 
to industry-financed commercial ven- 
tures stirred many companies to take a 
good hard look at what might be an 
extremely attractive undertaking. The 
Hughes studies and design effort predate 
NASA s announcement bv more than a 

tific as well as commercial applications 
of communication satellites, l'lie com- 
pany’s efforts reached a high point re- 
cently during the engineering of the 
Thor-Delta payload, drawing at that 
time on the combined talents of about 
50 persons in the Hughes organization. 

A communication satellite operating 
in a stationary earth orbit offers these 
advantages, cited bv Dr. Harold A. 
Rosen, manager of the satellite project: 

• Coverage of vast areas because of the 
great height of the orbit (22,752 naut. 
mi.). 

• Use of stationary reflectors at ground 
terminals, thus minimizing cost. A re- 
port prepared by Rosen on some aspects 
of the stationary satellite was presented 
before the American Rocket Society in 
Washington last week. 

Synchronous orbits make directional 


satellite antennas necessary, however, to 
conserve power and to cover the great 
ranges involved. Normally, Rosen says, 
directivity suggests a pencil beam an- 
tenna properly oriented by an attitude- 
stabilized payload and complex attitude 
and vernier velocity control. This in 
turn means more weight, a larger, more 
expensive booster and with it launching 
from a non-equatorial site. This addi- 
tionally complicates the boost into 


orbit, the project costs swell and the 
launching becomes subject to tight mis- 
sile range scheduling, 

Colinear Slot Array 
The Hughes design employs a co- 
linear slot array antenna whose pattern 
is a figure of revolution about the spin 
axis. It permits spin stabilization of the 
satellite. Maximum gain (8 db.) is real- 
ized in the circular plane normal to the 
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New 

Tab-Indicator 

Toggle 

Switch 



The new "400" Series Toggle Switch from MICRO SWITCH lias a paddle-shaped 
tab which can be numbered or color-coded as an indicator. The standard model 
has a natural metallic finish which will maintain a fresh appearance through 
long and constant use. The anodized aluminum tab is also available in black 

The basic switches used are precision snap-action, long-life units, requiring 
a minimum of space. They conform to specifications for MIL-S-6743, with 
two isolated single-pole double-throw circuits. Turret terminals make wiring 
easy, and contact enclosures are dust-tight. 

Five models are presently available in the "400” Series, including both 
momentary and maintained contact types. Write for Data Sheet No. 174 de- 
scribing these new tab-indicator toggle switches. 
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Precision Toggle Control Can Be Customized 


MICRO switch manufactures hundreds of different toggle 
switches and toggle switch assemblies. In this complete line 
you can find the exact characteristics and contact arrange- 
ments you need. 

"TL” Series Silicone sealer between cover and case seals 
against dust or moisture. These switches are approved under 
MIL-S-3950A, operate in a temperature range of — 85°F to 
+250°F. Available in 1, 2 and 4-pole models with integral 
terminals. 

"TS” Series The toggle lever is sealed against dust and mois- 
ture. "TS" toggles meet specifications for MIL-S-3950A. 
Special plastic barrier plus extra distance between terminals. 


A keyed bushing prevents rotation. Wide choice of contact 
arrangements includes 1, 2, 3 and 4-pole types. 
Subminiature "TM" Weighs only 4 (A grams, measures 
only Vi" x V>" at the base. Double-pole double-throw with 
wide temperature range and low circuit resistance. 

"AT" Series Toggle Assemblies micro switch offers tog- 
gle switch assemblies of up to 16 basic switches. Hermetically 
sealed types are also available. 

There is a MICRO switch branch office near you and 
prompt engineering help on the selection of toggle switches 
is available by simply checking the Yellow Pages. Be sure you 
get micro switch precision and reliability. 


WRITE FOR NEWLY REVISED CATALOG 73 ON TOGGLE SWITCHES 


MICRO SWITCH . . , FREEPORT. ILLINOIS 
A division of Honeywell 

In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


jjj Honeywell 

mm,il MICRO SWITCH Precision Switches 
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The first version of Saturn will be 185 feet tall ... 21 feet across Douglas-built second stage is 

the base . . . will contain 14 rocket engines! as tall as a 5-story building. 


The rocket that will lead the way to 
space travel is now in development 


Space researchers at Douglas Aircraft 
are already working on the design 
and construction of the second stage 
of the huge NASA Saturn rocket. 

Saturn is the first program which 
is designed, from the ground up, to 
provide the capability of putting tons 
of payload into orbit or thrusting 
manned capsules beyond the earth's 
pull. It will initially be able to orbit 
20,000 pounds around the earth, or 


deposit 6,000 pounds on the moon. 

Future configurations of Saturn will 
have even greater thrust and payload, 
paving the way for round trips to the 
planets. 

Fantastic as these predictions 
sound, they are the solid convictions 
of the men at Douglas whose skills 
have been behind the production of 
nearly 30,000 rockets, missiles and 
space vehicles. These include the Thor 


IRBM which has boosted more 
successful space payloads than all 
other U.S. boosters combined. 


DOUGLAS 




LIGHTWEIGHT communication satellite designed by Hughes could be boosted into equa- 
torial plane by a NASA Scout vehicle launched eastward from Jarvis Island in the Pacific. 



APOGEE rocket supported by central canister of satellite provides extra thrust to put 
satellite into nominally synchronous orbit roughly five hours after launch. 


spin axis and in the direction of the 
earth when the satellite is oriented. In 
its studies of more distant, second- 
generation communication satellites of 
this type, the company is examining a 
four-element phased array which may 
add another 6 db. of gain. A H-db. 
figure would compare more favorably 
with the gain of a pencil beam. 
Promising Applications 
There are several promising applica- 
tions for the lightweight, compact spin- 
stabilized satellite concept conceived 
by Rosen and his coworkers and ma- 
tured to an actual hardware stage in the 
Thor-Delta version, according to Jack 
Ludwig, manager of the Hughes Space 
Systems Laboratory here. These in- 
clude: 

• Real-time television relay between sta- 
tions employed in tracking deep space 
probes. A payload for this could be 
launched into an inclined synchronous 
orbit (approximately 22,000 mint, mi.) 
by a Thor-Delta booster from Cape 
Canaveral. 

• Atlantic Missile Range communica- 
tion coverage to augment or replace 
contact between stations now main- 
tained by a combination of cable and 
microwave. The Hughes satellite in an 


inclined synchronous orbit could do 
this job. 

• Military communications capable of 
handling the non-securc, but normally 
heavy military telephone traffic. This 
system, Ludwig says, would supplement 
and not compete with the projected 
Advanced Research Projects Agency- 
Signal Corps Project Advent. 

Over the past year the company dis- 
cussed and proposed such systems or 
variations of them to NASA and mili- 
tary agencies. Ludwig says it sounded 
out other companies, including Inter- 
national Telephone and Telegraph 
Corp.. about the possibility of a joint 
commercial communication satellite 
system based on the Hughes satellite 
design concept. To date, however, the 
project remains internally funded at 
Hughes. 

A 22,7s 2 naut. mi. stationary orbit 
communication satellite is the most 
useful application for the Hughes spin- 
stabilized payload, Ludwig indicates. 
This application may, however, be some 
years away. In the meantime the com- 
pany is exploring the high altitude 
nonstationary orbit applications. In 
addition, it will submit a proposal in a 
forthcoming, open NASA competition 
(AW Nov. 21, p. 34) for an active 
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COMPUTENCE. . . TOTAL competence in computation 


. . . provides effectiveness for new system of mobile defense against multiple airborne targets 


The program: MAULER, U.S. Army's newest 
automatic-firing air defense system, involving 
missile-firing vehicles transported by air and 
parachuted into battle areas. Basic Burroughs 
contribution: design and production of the 
miniaturized electronic computer systems which 
will provide radar data processing and computa- 
tion for MAULER. Among special design features 
will be the Burroughs Logi-Mod packaging 


Mauler Is being developed by Convair- 
Pomona, Convair Division of General 
Dynamics, for AR6MA, an element of 
the Army Ordnance Missile Command. 


technique, to protect sensitive computer compo- 
nents from shock during air transport and 
parachute drop. Behind the news: Still another 
vote of confidence in Burroughs Corporation's 
Computence— total competence in computation— 
from basic research through production and field 
service to system management. Confidence in 
Burroughs performance, already proved in such 
vital programs as ATLAS, SAGE and ALRI, 


Burroughs Corporation 

"NEW DIMENSIONS j in computation for military systems” 


Orbit Terminology 

Among terms employed by Hughes 
scientists in describing possible com- 
munication satellite orbits arc. 

• Circular orbit— An orbit which de- 
scribes a complete constant aititude 
rcvolution about the earth. 

• Equatorial orbit— An orbit which oc- 
curs in the plane of the earth's equator. 

• Synchronous orbit— An orbit with a 
period of 2*1 sidereal hours. There are 
many possible synchronous orbits. 

• Stationary orbit— A circular, equatorial 
and synchronous orbit. In a stationary 
orbit, the satellite appears “stationary" 
with respect to any point on the earth’s 
surface because the satellite's speed and 
altitude (22,752-naut. mi.) keep it in a 
fixed relation to points on the earth. 
Thus, synchronous and stationary are not 
sviionomous. although a stationary orbit 
must be synchronous though the reyerse 
need not be true. 

• Inclined synchronous orbit— Specific 
example of a non-equatorial. hence non- 
stationary, synchronous orbit. In this 
case, orbit is inclined with respect to 
the equator. The satellite’s orbital pe- 
riod is 21 hr., but points on the earth 
have a changing relation to it. 

Fixed reflectors can be employed at 
ground terminals in conjunction with 
the stationary satellite because of the 
unchanging relation between them. 
Synchronous orbiting satellites presup- 
pose use of tracking antennas. 


satellite. This probably will be a lower 
orbit system. 

The over-all payload, its dimensions 
and its avionic package arc identical for 
the llior-Dclta and Scout versions. The 
satellite consists of two concentric cyl- 
inders, the outer one 2S in. in diameter 
and 15 in. in length. Outside surface 
of the larger cylinder is coated by 2.700 
glass-covered silicon solar cells capable 
of providing 18 w. electrical power. 
Around the inner surface of the outside 
cylinder are toroidal compressed-nitro- 
gen gas tanks which provide fuel for 
the payload's orbital orientation and 
velocity control jets and support the 
solar cell structure. 

An inner cylinder or central canister 
houses an integrated avionic package 
and supports the antenna and an apogee 
rocket which supplies the final burst of 
thrust for placing the satellite into a 
nominally synchronous orbit. Struts 
connect the central canister to the outer 
cylinder. 

Mounted atop the center of the 
central canister, the antenna folds back 
for launch into slots separated at 120- 
deg. angle around the canister top. 

It can transpond guidance signals 
from this folded position during the 
launch. 

lire apogee rocket is attached to the 


Space Electronics Corporation creates and constructs 
a wide variety of advanced electronic systems for. the 
nation's missile and space programs. SEC is now 
responsible for fabricating the airborne and ground- 
based electronic systems for the USAF’s most recent 
space booster. In its first flight relying on SEC 
electronic systems, it launched into successful orbit 
Courier IB — the world’s first active-repeater 
communications satellite. The booster: 

AbleStar 



SPACE ELECTRONICS / CORPORATION 

930 Air Way Glendale 1, California CHapman 5-7651 


Qualified scientists and engineers are urged to direct their inquiries 
to the personal attention of Dr. James Fletcher, president. 
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THE STROMBERG-CARLSON SYSTEMS MANAGEMENT TEAM HEADS...??? 



We can’t give you the details yet, hut we can report 
that Stromberg-Carlson has been asked to head up 
the development program for a passive reconnais- 
sance network. Stromberg-Carlson won the nod on 
the strength of its Core Concept of 
Systems management, which helped 
get the project off and winging in 
short order . . . and on its long-stand- 
ing sophistication in all aspects of 
advanced electronics and communi- 
cations, military and commercial. 

in SYSTEMS 
MANAGEMENT: 

We’re ready to launch your project 
as well— now. Because Core Concept 
maintains a permanent staff of top 
scientists, engineers, technicians, 
cost-scheduling and managerial 
talent, Stromberg-Carlson is always 
tooled up for any problems that arise within the 
rather extensive perimeters of its competence. Sea- 
soned and dynamic, the Core Concept staff can line 
up contributing sub-contractor firms and get well 


underway on system projects of all types— in the time 
it previously took just to assemble a systems man- 
agement group. 

There’s a very simple yardstick for measuring the 
speed and efficiency of Core Con- 
cept. Money. It’s expected that Core 
Concept organization and adminis- 
tration can cut systems management 
cost significantly. 

In what areas are we qualified? 
Well, we’re involved in radar devel- 
opment for missile tracking systems. 
We’ve achieved several break- 
throughs in solid-state circuitry and 
modularization of computer sys- 
tems. We’ve had over 65 years in 
every phase of telephone communi- 
cations. We produce radio sending 
and receiving equipment for land, 
sea, air and space. And we’re right up there in high- 
speed teleprinters and electronic display techniques. 
Look on Stromberg-Carlson as a supermarket for. 
systems, ideas and talent— to serve you. 
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FISHING FOR SUBMARINES ... FROM THE AIR. SOME NEW IDEAS FROM S. C. 


Efficient detection of underseas targets from swift- 
ranging aircraft will require new non-acoustic tech- 
niques. Stromberg-Carlson scientists think that a 
research program now in progress has important 
applications to these techniques.Un- 
der investigation are low-frequency 

planetary plasma physics, and other 
geophysical processes which pro- 
duce electromagnetic “noise.” 

In present non-acoustic methods of 

in COMMUNICATIONS 
RESEARCH: 

detection from the air, the signal 
strength is frequently weak and al- 
ways decays rapidly with distance; 
it soon disappears in the ever-pres- 
ent background noise. 

Already, several signal processing 
techniques resulting from Stromberg-Carlson 
studies have been developed and tested. These show 
performance gains which promise to offset partially 
the loss in signal with distance through more effec- 



tive discrimination against background noise. 

The investigation of geophysical and astrophysical 
phenomena will include study of electromagnetic 
background noise at the earth’s surface in the fre- 
quency region of 0.001 to 10,000 
cps, solar radio signals and the in- 
terplanetary medium. Knowledge 
in this field of interest is growing 
rapidly, and worthwhile scientific 
contributions resulting from the 
planned work arc almost certain. 

In the course of investigation, 
Stromberg-Carlson scientists also 
propose to determine the relation- 
ship between the characteristics of 
the earth’s surface and the low-fre- 
quency electromagnetic background 
and to examine the noise spectrum 
for types of signals hitherto un- 
known. 

This program is only one of Stromberg-Carlson’s 
numerous basic research projects currently under- 
way in all areas of electronics and communications. 


FOR NUCLEAR REACTORS . . . MORE HOURS OF POWER EVERY MONTH 


With Stromberg-Carlson’s new completely solid-state 
modularized control systems, nuclear reactors put in 
significantly more operating hours every month. 
While attending to their main functions— monitoring 
and controlling power level, rate of 
change of power level, pressure, tem- 
perature, and coolant flow — Strom- 
berg-Carlson control systems check 
themselves continuously. Malfunc- 
tions are rare, but if one occurs, 
scram rods drop and the address of 
in ELECTRONIC 
EQUIPMENT: 

the offending part is flashed on the 
annunciator. Even an unskilled op- 
erator can then pull the module 
containing the flaw and plug in a 
replacement— all in a matter of min- 
utes. Previously, it took hours, even 
days, to get a nuclear reactor back into operation. 
But this is merely the spectacular phase. More mun- 
dane, but more to the point in reducing reactor down 
time, is the simple fact that malfunctions are so rare. 



We achieve a unique degree of reliability through 
100% use of transistors and key-point use of solid- 
state relays. In addition to reliability, solid-state cir- 
cuits give greater protection against shock and vibra- 
tion, need less power, produce a 
much more compact unit. And, most 
importantly, we reach a new plateau 
in fail-safe operation. 

Right now, Stromberg-Carlson con- 
trol systems are used with Detroit 
Edison’s Enrico Fermi reactor . . . 
and will handle the Army’s Ice Cap 
reactor — a portable, skid-mounted 
unit that will feed power to a Dew 
Line station in Greenland. 
Stromberg-Carlson systems provide 
instrumentation throughout a reac- 
tor’s entire operating range, from 
the moment of start-up. An overlap 
of two decades in the source, intermediate and power 
ranges assures continuous monitoring. Light and 
compact, these systems can control marine, portable, 
research, or commercial reactors. 


STROMBERG-CARLSON 
. division or GENERAL DYNAMICS 

1400 N. GOODMAN STREET / ROCHESTER 3, N.Y. 
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PROVEN IN SERV 


ICE 



Both airlines and business aircraft operators have found the 
AVQ-50 Weather Radar meets their requirements for use in air- 
craft where size and weight are important economical factors 


Simplicity of design, ease of mainte- 
nance and a high degree of reliability 
make the AVQ-50 ideal for installation 
in aircraft ranging in size from light 
twins to Constellations. 


First introduced in 1957, the AVQ-50 
Weather Radar is still the most compact, 
modern design available today. Now 
flying in hundreds of planes, this radar 
has been literally “proven in service.” 


You owe it to the efficiency of your operation to investigate the application of 
the AVQ-50 to your airline or business fleet . . . For details contact radio 
corporation op America, 11819 W. Olympic Blvd., Los Angeles 64, California, 
or your nearest Authorized Dealer for RCA Aviation Equipment. 



The Most Trusted Name in Electronics 

RADIO CORPORATION OF AMERICA 
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opposite end of the canister. Over-all 
height of the payload from tip of the 
erect antenna to end of the apogee 

The integrated avionic package pro- 
vides these functions: 


Signal Reception 

Communication signals, broadcast in 
the little-used portion of the UIIF re- 
gion. are received and mixed with a 
master oscillator signal. The resulting 
45-mc. intermediate frequency signals 
are phase-modulated for power econ- 
oin v. then multiplied up to S-hand and 
power-amplified in a specially designed 
Hughes traveling wave tube, non in de- 
velopment. before transmission hack to 
earth, The latter will deliver 2.5 watts, 
provide 50 db. gain, weigh S ox., and op- 
erate with 33% efficiency Its antici- 
pated lifetime is 10.000 hr. 

With the exception of the traveling 
wave tube, circuits employ solid-state 
components throughout. 

Tire same transpundcr receives orien- 
tation and velocity jet commands, and 
signals which turn the transmitter and 
beacon on and off. Modulation of a 
separate 200-kc. oscillator by signals 
from two clam-shaped sun sensors, lo- 
cated on the bottom of the satellite, 
provides phasing information for firing 
of the orientation jet. Frequency of 
this oscillator is temperature depend- 
ent so readings of internal satellite tem- 
perature am he obtained at the guid- 
ance terminal. Frequency of a second 
nominally 200-kc. oscillator, which is a 
function of voltage, provides monitor- 
ing of battery voltage level. 

Weight of the avionics package is 
61 lb., including 4 lb. consumed by the 
traveling wave tube, 1 lb. for the an- 
tenna and 4J lb. for avionic conipo- 

mg account for the difference. 

Avionic Power Supply 

The total system requires 15 \v„ thus 
allowing a 3-w. cushion below solar cell 
capability. Two pounds of batteries 
supply power to the avionic gear during 
launch and pulsing of the orbital con- 
trol jets. 'Hie transmitter of a stationary 
communication satellite would be 
turned off during eclipses, a total of 66 
min. per year, Rosen points out. 

The payload is capable of relaying 
up to 600 two-wire or 500 four-wire 
messages or one television channel. It 
am accept inputs from any number of 
ground stations on a frequency-division 
basis, Base bandwidth is 4.5 liic., voice 
channels are 4 kc. 

For an equatorial launch of a station- 
ary satellite by a lightweight booster 
(such as Scout or perhaps Air Force 



FOR RADAR 

B&L optical-electronic-mechanical capabilities 
assure accuracy in missile tracking system 

The strength of our missile defense program depends 
in part on extreme accuracy of radar tracking. 

Bausch & Lomb has developed a camera lens 
for boresighting a radar antenna — in essence, this lens 
checks the performance of radar just as one’s 
vision is checked in an eye examination. 

Accuracy of this lens system easily meets the most 
extreme requirements. 

The same skills that made possible this missile track 
radar camera lens are available to assist on your project. 
Write us for full details. Bausch & Lomb Incorporated, 
Military Products Division, 99412 Bausch St.. 

Rochester 2, N. Y. 


BAUSCH & LOMB 
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Blue Scout), Hughes scientists have set- 
tled on Jarvis Island, two square miles 
of U. S. Departmcnt-of-Intcrior-admin- 
istered property situated slightly below 
the equator, about 1,500 mi. south of 
Honolulu. Besides the attractiveness of 
a deserted location for an equatorial 
launch, the island also offers hundreds 
of miles of down-range (eastward) open- 
sea areas. Launched from this spot, 
the payload, were it to attain station- 
ary orbit, would be located at 51.9 deg. 
west longitude, Rosen says. 

Successful orbiting over the equator 
at this point would place the satellite 
over Brazil above an area near the 
coastal city of Belem. A locus of all 
geographical points within communi- 
cation distance from this single satellite 
encompasses most of North and South 
America, Western Europe and Africa 
on an arc from Benghazi to Capetown. 
!f this plan were followed, Hughes is 
thinking initially of two fixed-antenna 
ground stations, one in the Los Angeles 
area, the second probably in Trance or 
Belgium. 

Fifth Stage Velocity 

The payload would be launched into 
an equatorial plane, injected into a 
transfer ellipse after burnout of a fifth 
stage rocket (a state-of-the- art modifi- 
cation or addition to the Scout four- 
stage rocket) and, after coasting to apo- 
gee, would be injected into a nominally 
synchronous orbit. The fifth stage sup- 
plies additional velocity and contains 
the velocity cutoff mechanism. 

Launch sequence for the 1 50-lb. gross 
payload (including fifth and sixth stage, 
or apogee, rockets) was outlined by 
Rosen as follows: Vehicle is launched 
eastward from Jarvis Island. After third- 
stage burnout it spins since it no longer 
is attitude-controlled as arc the first 


Fourth stage and payload are spin 
stabilized. 

A single-plane dopplcr interferome- 
ter guidance system, located on Jarvis, 
measures the vehicle’s altitude and ve- 
locity. At the appropriate moment, a 
ground command cuts off thrust and 
the fifth stage separates from the pay- 

The antenna erects during fifth- 
stage separation and the payload enters 
a transfer ellipse. It coasts for 5 hr. 16 
min. until reaching apogee where the 
sixth stage, which supplies additional 
velocity for injection into a nominally 
synchronous orbit, fires on command. 
In an accompanying cross sectional view 
of the Scout payload, the apogee rocket 

3 cars to be in a reverse position. The 
■city sector of the payload, how- 
ever. undergoes a ISO deg. change from 
perigee to apogee to properly orient 
it for final sixth-stage burst. 

In nominally synchronous orbit, the 
payload spins about its cylindrical axis, 
which is in the equatorial plane. An 
orientation or torquing gas jet, whose 
thrust axis is parallel to the spin axis 
of the satellite but displaced from the 
payload's center of gravity, then pro- 
cesses the satellite 90 deg. to make its 
spin axis parallel to the earth's. Operat- 
ing under ground command in the 
pulse mode, the jet torques the payload 
over 90 deg. to place it in the proper 
plane. 

Subsequently, it can be operated in 
a continuous wave mode to produce 
thrust perpendicular to the equatorial 
plane to correct for inclination errors. 

Proper phasing of ground-command 
pulses for jets, is provided by the two 
clam-shaped sun sensors. 

Tire plane of sensitivity of one sensor 
passes through the satellite’s spin axis 
and determines spin phase, while the 
plane of sensitivity of the second sensor 


is tipped 55 deg. with respect to the 
first and is used to determine angle of 
the sun relative to spin axis of the 
satellite. With this spin angle infor- 
mation, telemetered from payload back 
to ground guidance station, a synchro- 
nous controller generates commands for 
the orientation and velocity jets. 

A second control jet, whose thrust 
axis passes through the payload's center 
of gravity and is normal to the spin 
axis, presides velocity correction. On 
command, this velocity jet can increase 
orbiting velocity. The torquer jet. oper- 
ating in its cw mode, corrects for in- 
clination changes. 

Satellite Lifetime 

After a stationary orbit is achieved, 
jet control can be maintained for lim- 
ited periods. Velocity capability of the 
two nitrogen tanks is about 250 fps., 
Rosen estimates. Lifetime of the satel- 
lite is limited to about one year by 
solar cell degradation and gradual in- 
clination build-up of 1 deg. a year 
which eventually places payload out of 
control. 

Rosen calculates that satellite launch 
has 100% probability of achieving syn- 
chronism, 50% probability of being 
stationary. 

I n tercon tinen tal communica tions 

would be possible using only a single 
stationary satellite backed up by one 
spare in orbit. Any number of ground 
terminals could be tied in. The spare 
satellite could relay TV and, in the 
event of failure in the main satellite, 
the spare could switch over to tclc- 
graph/telephone relay. 

The operating prototype designed for 
Thor-Delta launch differs in several* 


Man-in-Space Contracts 

Edwards AFB. Calif.-Contract for a 

(AW Nov. 21. p. 23) capable ' if 'trans- 
mitting a pilot's physiological responses 
during flights of vehicles like the X-15 
and Dyna-Soar, was awarded last week to 
Hughes Aircraft Co., Culver City, Calif. 
Value of the award was placed at $78,- 
698. 

This is the second in a series of four 
awards to be made bv the Air Force 
Flight Test Center for instrumenting 
man-in-space environments. 

A $-17,100 contract for a pressure gas 
sensor is about to be awarded and a 
contract for a blood pressure measuring 

is expected in the near future. 

First contract in the scries went to 
Spacclabs. Inc., Van Nuvs. Calif., late 
in October. Under this' $25,579 con- 
tract, Spacclabs will build a breathing 
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TheTRIGA Mark-F Pulsing Reactor 


General Atomic Division of General Dynamics Corporation is 
pleased to announce a new addition to its TRIGA family of 
reactors — the TRIGA Mark-F Pulsing Reactor. 

The TRIGA Mark-F, developed by General Atomic, is especially 
designed to yield short reproducible pulses of neutrons and gamma 
rays for use in nuclear effects research and testing. It is capable 
of being pulsed repetitively to peak power levels of over 2,000,000 
kilowatts with half-maximum pulse widths of 10 msec, owing to the 
inherent characteristics of the TRIGA reactor's unique uranium- 
zirconium hydride fuel elements. During pulsed operation, a maximum 
flux of 6 x I0 10 neutrons/cm s -sec. can be achieved. The Mark-F 
design permits variation of neutron to gamma dose ratios 
by a fnctor of ten and provides for a large, easily accessible exposure 
window immediately adjacent to the core. 


A prototype of the TRIGA Mark-F was placed in operation the 
summer of 1960, and construction of two such reactors will be 
completed in 1961 for the United States Government, including one 
for the U.S. Army's Diamond Ordnance Fuze Laboratories. Other 
versions of the TRIGA include the TRIGA Mark 1 and Mark II 
reactors — for training, research and isotope production — which are 
now in use, or soon will be, on five of the six continents. 

For more information on the TRIGA Mark-F, write to: 

TRIGA Applications Group, General Atomic, 

P.O. Box 608, San Diego 12. California 


Openings for electronic and electrical engineers. 
Write: Manager of Personnel, General Atomic. 
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Reporter on the prowl 
Norden’s Doppler Wind-Distance Computer 


In anti-submarine warfare operations, the Navy’s 
Air Arm acts as an aerial eye transmitting target 
information to surface attack vessels. Norden’s 
compact, lightweight Doppler wind-distance com- 
puter presents the pilots with a continuous display 
of wind velocity and provides accurate information 
on distance travelled. In the absence of Doppler 
return, the wind-distance computer continues to 
provide distance data, based on air speed and com- 
puted wind information. 


The Norden Doppler wind-distance computer 
project, successfully developed for the Naval Air 
Development Center at Johnsville, Pennsylvania, 
testifies to the company’s capability in the air- 
borne analog computer field. And every Norden 
achievement in the area of advanced electronics is 
another step toward extending man’s capabilities. 

Stimulating positions are available at all levels of 
responsibility for qualified engineers and scientists. 



NORDEN DIVISION 
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CORPORATION 


"Essentially, this corporation will be 
people— people of the highest quality. 
The United States Air Force recog- 



their best only when they can exercise 
their initiative to the full under lead- 
ership which creates the climate for 
creativity. We expect Aerospace Cor- 


Secretary of the Air Force 


Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president: Allen F. Donovan, 
senior vice president, technical: Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


are creating a climate conducive 
to significant scientific achievement 


vice president and general manager. 

These scientist/ administrators arc 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/space systems 
indispensable to the national security. 

The functions of Aerospace Cor- 
poration include responsibility for: 
advanced systems analysis: research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 

Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams— offering scientists and engi- 


neers the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 

Immediate opportunities exist for: 

• Weapons System Project 
Director 

• Senior Scientists/Supervisors: 

Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 

• Space Vehicle Specialists: 

Senior Power Systems Engineer 
Sr. Flight Performance Analyst 
Re-entry Aerodynamicist 
Those capable of contributing in these 
and other areas are invited to direct 

Mr. James M. Benning, Room 101 
P.O. Box 9508 1 , Los Angeles 45, Calif. 


AEROSPACE CORPORATION 
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Sea Launch Studied for Space Vehicles 


By Lam' Booda 

Washington— Interest in moving 
launch operations to sea is growing in 
military and civilian space organizations 
as the size of planned space vehicle 
boosters increases. 

Air Force, Navy and National Aero- 
nautics and Space Administration arc 
considering the feasibility of establish- 
ing sea launch facilities for large boost- 
ers, and the concept conceivably could 
be extended to missiles. Economy and 
safety arc the major gains involved in 
shifting to this new space launch tcch- 

Scvcral companies have conducted 
sea launch studies, both on their own 
and with government funds. Some 
have worked alone, and others have 
teamed with shipbuilding firms to tap 
their experience. Proposals cover a 
variety of launch bases, including ships: 
ocean-going, partly-submerged floating 


platforms: towers anchored to the sen 
floor; floating booster-vehicle-pontoon 
combinations which can be erected 
after being towed to sea. and systems 
for launching from the sea floor. 

These proposed systems could pro- 
vide sea launch bases for: 

• Vertical probes. They could be fired 
from a variety of locations around the 
world without the danger of damage as 
they fell back to earth. 

• Low orbit tactical reconnaissance and 
attack satellites. They could be 
launched into any 100-200 mi. orbit 
without the dog-leg capability required 
with flights from fixed land bases. 

• Large tactical missiles, such as Thor. 
Atlas, Titan and Minutcman. Sea 
launch would offer them mobilitv and 
concealment. 

• Large space boosters. The new gen- 
eration of chemicallv-powcrcd boosters, 
such as Saturn and Nova, could be 
launched without Hie considerable ex- 


pense of building new land installations 
• Nuclear rockets. Rover and other nu- 
clear-powered rockets could be launched 
without radiation hazards to populated 

Air Force expects to move develop- 
ment of sea launch systems beyond the 
study phase soon. With a requirement 
already established for an 800,000-lb. 
thrust booster under Project Phoenix 
(AW Dec. 5, p. 26), Air Force Ballis- 
tic Missile Division is interested in the 
mobility the sea launch concept offers 
with such a large space booster. USAF 
also is considering sea launch for the 
Csar communications satellite, which 
"ill be in a 24-hr. equatorial orbit. 

Rand Corp. has had sea launch 
studies done for USAF by Wald Re- 
search, Inc., and the Dcl-ong Corp. 
Thompson Ramo Wooldridge has pro- 
posed an offshore towablc platform. 

With its large vehicle programs not 
yet firm, NASA is interested in the sea 
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Lockheed Electronics engineers - anywhere 
-service every make 
of electronic equipment 


A ship's "eyesight” needs immediate attention— a 
Lockheed Electronics service engineer swings aboard 
on a breeches buoy to make on-the-spot adjust- 
ments that keep critical electronic systems at peak 
performance. 

Another LEC service engineer may be installing 
telemetry equipment at a missile base; while still 
another, ten miles up in the stratosphere, evaluates 
a jet bomber’s ECM system. 

These LEC experts are qualified to install, test, 
modify right in the field, evaluate and maintain any 
equipment— made by any manufacturer. 

Lockheed Electronics’ highly trained specialists rep- 
resent a new concept in service engineering. An 


unusually large proportion hold advanced degrees, 
and LEC’s Engineering Services Division keeps 
them all constantly abreast of the latest advances in 
the state of the electronics art. 

If you want men with the right skills and full knowl- 
edge of your electronic problem, call on Lockheed 
Electronics, Engineering Services Division. 

CAPABILITIES — ENGINEERING SERVICES DIVISION 

Maintenance engineering 
Range instrumentation and operation 
Equipment modification • Installation engineering 
Training programs, manuals and materials 
Field evaluation < Reliability studies 


MINDING THE FUTURE 

LOCKHEED ELECTRONICS 

COMPANY 

ENGINEERING SERVICES DIVISION, METUCHEN, N. J. 


OTHER LEC DIVISIONS: MILITARY SYSTEMS / ST AVID • INFORMATION TECHNOLOGY • AVIONICS AND INDUSTRIAL PRODUCTS 
ENGINEERS AND SCIENTISTS: For unique position advancement opportumllea, 


Only 

Complete Line 
of Fire and Overheat 
Detection Devices . . 


Only Fenwal's complete line of detection systems covers 
all forms of fire and overheat danger in aircraft, mis- 
siles, and spacecraft. Only Fenwal covers all "hidden 
hazards”! 

Fenwal Detection Devices include: Unit Detectors for 
“spot” protection; Continuous Fire Detectors for posi- 
tive coverage of larger areas; and the latest Fenwal ad- 
vances — FIDO (Fire Inspection Device Optical), and 
the Surveillance Detector (Photoelectric device, sensi- 
tive to flame or to heat radiation). Advanced ways to 
"see” fire! 

And Fenwal contributions to safety in flight go beyond 
the detection phase. Fenwal also designs Explosion 
Suppression Systems for protecting both military and 
commercial aircraft. A Fenwal engineer will be glad 
to assist with your particular detection or explosion 
protection problems. Write Fenwal Incorporated, 
1215 Pleasant Street, Ashland, Massachusetts. 



launch concept but has not generated 
any specific requirements. The agency's 
Nova vehicle will be powered by a 
cluster of large chemical boosters or a 
nuclear propulsion system, and NASA 
does not expect to produce a launch 
base requirement until it decides what 
kind of engines will power Nova. 

Presentations of studies base been 
made to NASA by Cal-Val Engineering, 
teamed with Harbor Boat Building Co., 
Daniel, Mann. Johnson and Menden- 
hall (AW Sept. 12. p. 122). Kaiser 
Steel, American Machine and Foundry, 
and Aerojet-General teamed with Todd 
Shipyards. 

Numerous advantages for launching 
at sea have been offered. Principal one 
is economy, since land installations arc 
becoming more complex and expensive. 
Another is safety in case of failures b\ 
large chemical rockets and. later, nu- 
clear-powered rockets. 

For equatorial orbits, sea launch 
would permit the use of simpler guid- 
ance systems. If a vehicle is launched 
from Cape Canaveral. Fla. or Vandcn- 
berg AFB, Calif., a dog-leg would have 
to be added to the launching flight 
path to change the flight plane from 
one passing through the launch site 
to the plane of the equator. 

Cost Estimates 

Various estimates of the additional 
cost of dog-leg launches have been 
made, but the minimum estimate is 
45-50%. Other estimates run three to 
five times the cost of the simpler guid- 
ance. Equatorial launch also could be 
made from a sea base without the ex- 
pense of establishing a new land base on 
the equator. 

In firing high-thrust powcrplants, one- 
high cost factor is the construction and 
operation of blast deflectors. In static 
testing, millions of gallons of water 
must be used for cooling. Water cooled 
deflectors and towers would be elimi- 
nated m sea testing and launching. 

With military systems, the Navy ad- 
vances the argument that mobility and 
secrecy arc offered at sea for launching 
missiles and military satellites. Land 
sites, easily pinpointed by an enemy, 
would have to be considerably hardened 
for similar protection. 

The coming of larger boosters brings 
a requirement for novel wavs of con- 
structing and handling them. Mobility 
will be reduced as the boosters become 
too large to be built at the manufac- 
turer's plant and hauled to test and 

One answer to this problem is to as- 
semble the booster at its launch site. 
Another is to build it near water so its 
size is not limited by road and rail 
facilities and it can be loaded directly 
on ships to be hauled to a sea launch 
site. Ships could accommodate the 
whole vehicle, or at least larger compo- 




cover the whole field 


of ground radar 


The Marconi S244 is 


E HEIGHT FINDER 


an but wili withstand wind speeds up 


s 120 knots without 'radoming*. 


MARCONI 

COMPLETE CIVIL AND MILITARY RADAR SYSTEMS 

SUAVEYEO . PLANNED • INSTALLED - MAINTAINED 
Mr. J. S. V. Walton. Marconi's Wireless Telegraph Company Limited 
Suite 1941, 7S0 Third Avenue, New York 17, N.Y., U.S.A. 

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED • CHELMSFORD 
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THE MISSILE RANGE: Measure of Capability 


The missile range today is a vast proving ground for advanced 
technologies. It symbolizes the "state of the art” in computa- 
tion. physics, chemistry, metallurgy, propulsion, hydraulics, 
electronics, inertial guidance, communications and every other 
scientific field. 

The most critical need of the missile range is to know system 
performance exactly. This calls for integrated standards of 
measurement and data handling, and therefore for entire sys- 
tems and entire installations engineered to that objective. 

To this problem Sperry Rand has a logical answer: com- 
patible instrumentation. The scope of Sperry Rand capability. 


illustrated above, embraces the whole panorama of the space 
age. Compatible Instrumentation is the principle of precision 
in missile range measurement, and a plan of action for apply- 
ing this principle to projects now developing. 

For the necessary team approach to missile range tech- 
nology Sperry capabilities are joined with those of all other 
corporate divisions which have contributions to make— among 
them Ford Instrument Company, Remington Rand Univac, 
Vickers Incorporated and several component divisions Special- 


General Offices: Great Neck, N. Y. 




nents than could travel by rail or higli- 

Typical of the proposals made to 
ARDC is that of Thompson Ramo 
Wooldridge. 1 1 calls for construction of 
an offshore platform which would be 
anchored to the sea bottom after it was 
towed to the launch area. 

There would be pilings supporting an 
underwater substructure containing the 
control center for a launching. Above 
this would be a launching platform 
which could be replaced in the event of 
an accident, leaving the control com- 
plex unharmed. TRW proposal speci- 
fics about 1 ‘>0 of these platforms, to be 
built after development of the launch 
vehicles. Cost would be about $6 mil- 
lion each. 

Different Approaches 

Aerojet-General proposals include 
several different approaches to launch- 
ing at sea. One includes an idea similar 
to the TRW tower. Another would 
make the entire rig capable of floating 
in deeper water and being towed anv- 
where the water is 400 ft. or more deep. 

In preliminary company-funded work. 
Aerojet and Todd Shipyards have built 
a ship similar to a floating drydock 
which would carry a vehicle to sea in a 
horizontal position. On station, the 
launch vehicle would be erected, the 
ship would be partially submerged, 
then the vehicle would be launched. 
The size of this experimental ship 
would permit current boosters and 
those planned for the immediate future 
to be launched. 

The principal concept studied by 
Aerojet, however, is known as PROP, 
for Planetars Rocket Ocean Platform, 
which is said to meet all the require- 
ments for assembling, testing and 


launching very large vehicles. It is 
especially suited for launching of nu- 
clear rockets, the company says, be- 
cause of the isolation inherent in 
remote sea areas and the availability of 
unlimited quantities of sea water' for 
nuclear shielding. 

As proposed, PROP would accom- 
modate a vehicle 40 ft. in diameter 
and 300 ft. long. The superstructure 
would be above the reach of high seas. 
It would be supported by buoyant 
chambers below the wave forces of 

Logistic supply would be by ship. 
A shipboard crane would hoist the vehi- 
cle, housed in a protective cocoon, on 
deck. After removal from the cocoon, 
it would be let down into the central 
tube where prelaunch final assembly 
and checkout would be accomplished 
out of the reach of the weather. After 
preparation, vehicle would be hoisted to 
firing position on the platform. 


After a normal nuclear launch, or in 
the event of a nuclear accident which 
would destroy the platform, personnel 
in the control areas in the buoyant 
outer ring 1 2 > ft. below the surface 
would be evacuated by a submarine 
through an airlock. After a normal 
launch, a number of decontamination 
procedures would be carried out. Re- 
construction after an accident would in- 
volve only the work on the platform and 
crane, and there would not be the radia- 
tion contamination that would normally 
have to be considered at a land instai- 

Concept Is Variable 

Aerojet points out that its concept is 
not static. It can be varied for size of 
vehicles, functional capacity and mode 
of operation. 

Another Aerojet concept, which could 
be used in conjunction with PROP or 
fitted into another system, would have 
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CHANCE VOUCHT CORPORATION 


The name used to be Chance Vought Aircraft, and it fit the 
company perfectly. No other name is more closely associated 
with aviation's growing years and great hours. Vought 
aircraft ... a parade of over 40 different models . . . have 
served the U. S. continuously since 1919. Now, with the 
Crusader fighter helping to maintain the Free World's border 
watch, and with a newly developed all-weather version 
enroute to join the 700 Crusaders already delivered, aviation 
remains a vital interest at Vought. But today, Chance Vought 
has expanded beyond its traditional field into other market 
areas both military and industrial • The Aeronautics Division, 
which supplies the new all-weather Crusader to the Navy and 
is at work on other aircraft and missile projects, is also 
headquarters for a company-wide anti-submarine effort • 
The Astronautics Division — deep into studies for manned 
space flight — is prime vehicle contractor for the NASA Scout 


and a key contractor on the Air Force Blue Scout Junior, 
both research rockets • An aggressive Electronics Division 
supplies components and systems to major U. S. defense and 
research programs • Vought Range Systems is a world-wide 
service organization with space-tracking, range instrumen- 
tation and many other responsibilities • Vought Research 
Center feeds basic knowledge to all divisions • A subsidiary 
— Vought Industries, Inc. — is the nation's leading producer 
of mobile homes • Another subsidiary — Information Systems, 
Inc. — produces industrial automation and process control 
equipment • National Data Processing Corporation, in which 
Chance Vought owns a majority interest, specializes in 
business data processing equipment particularly in the 
banking field • Now, under Chance Vought Corporation, these 
diverse activities are associated in name as well as in skills 
and resources to serve both old and new customers better. 



CHANCE 
VOUGHT V/ 






Solar gas turbine APU 
starts and supports 
Army’s new YHC-1B 
jet helicopter 



Solar’s new Titan T-62T gas turbine APU 
enables the Army’s YHC-1B Chinook to start 
anywhere without ground support equip- 
ment. It provides the power necessary to start 
the engines and to operate all hydraulic and 
electrical systems. The self-sufficient turbine 
develops up to 80 hp, is only 12)1 in. in diam- 
eter by 25 in. long, and weighs 61 lb. Solar 
APU’s may be equipped with an alternator, 
generator, hydraulic pump, pneumatic com- 
pressor or combinations of these units. For 
additional information write to Dept. H-188, 
Solar Aircraft Company, San Diego 12, Calif. 


SOLAR 



the vehicle towed to sea from a seaside 
construction site. 

This alternate system calls for a flood- 
able sponson to be attached to the firing 
end of the vehicle. At the firing site, 
the sponson would lie flooded at its 
farthest end, automatically erecting the 
launch vehicle to the vertical position 
for firing. 

An extension of this system involves 
firing from the sea bottom in relatively 
shallow areas. 

Martin Co. has studied independ- 
ently a tanker concept for supplying re- 
mote or sea-based launching sites with 
propellants (AW Sept. 5. p. 6S1. 

NASA. Air Force and the Navy all 
arc careful to point out that the sea 
launch is still in the exploratory stage. 
They feel however, that with increasing 
size, weight and propulsion complexity, 
launchings may have to make use of the 
ocean areas. Specific system designs 


will have to wait for vehicle develop- 
ment, when their configurations and 
operating capabilities will be known. 

On missile bases, Air Force estimates 
that multiple launch sites hardened to 
100 to 300 psi. would make any attempt 
to knock them out uneconomical. Cur- 
rent yardsticks for 10-megaton bursts 
show that 3 psi. structures would be 
destroyed at 13,000 yards from ground 
zero. Costs for hardening to 100 to 300 
psi. have not been published. Some Air 
Force officials hav e even discussed hard- 
ening to 10.000 psi. These site harden- 
ing costs could be avoided by using the 
sea launch approach. 

In launch aborts, the greatest cost is 
in reconstruction of the installation. 
This not only involves high cost but 
the loss of valuable use time of a spe- 
cialized complex. These factors would 
be greatly diminished in sea launch op- 
erations. 



Tiros II Satellite Atop Thor-Delta 


Tiros II weather observation satellite, launched into orbit recently from Gipc Canaveral, 
Fla. (AW Dee. 3, p, 28). is shown atop a Douglas Thor-Delta rocket launching 
vehicle before installation of the nose fairing. 



Critical tied neat parts In hl£h - heal tnviiomnenlsare typical 

according lo your schedule. New band! tile R/M "Tellon" 
further increases applications in the aeronautics field. 

If it calls for 
TEFLON; just 
call for R/M 


No need to restate the unique combina- 
tion of electrical, chemical and physical 
properties of "Teflon." You know that 
for many aircraft and missile parts 
calling for high dielectric strength and 
heat-resistance, there simply is no 
substitute. 

Your main concerns with "Teflon," 
then, are where lo gel il Iasi and who 
can hesl meet your specs. 

On both counts, the answer is R/M. 
A pioneer in the processing of "Teflon" 
into sheets, rods, tubes, tape, hose and 
other machined parts. R/ M offers you 
a complete “ Teflon " service — a service 
that can help assure you optimum 
performance and reliability of critical 
components. 

It will pay you to talk "Teflon" with 
R/M. Call your nearest R/M district 
office (listed below) or write Plastic 
Products Division, Raybestos-Man- 
hattan, Inc., Manheim, Pa. 

‘Registered trademark for Du Pom lluoroearbon resin 

IS 

PLASTIC PRODUCTS DIVISION 

RAYBESTOS-MANHATTAN, INC. 

Manheim, Pa. 



SPECIALISTS IN ASBESTOS, RUBBER, 
ENGINEERED PLASTICS, SINTERED METAL 
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Seamless Steel Tubing comes in almost every shape and size, 

that is, if it’s USS National Seamless Mechanical Tubing. 


National Tube 
Division of 
United States Steel 







NASA Programs Saturn Booster Recovery 


New York— No attempt will be made 
to recover boosters in the initial Saturn 
test flights, but booster recovery is 
definitely scheduled later in the Saturn 
program, according to Dr. Wernhcr von 
Braun, director or the National Aero- 
nautics and Space Administration's 
Marshall Space Might Center. 

NASA was planning to start a new 
scries of 6-8 static tests of the S5-ft. 
Saturn at Marshall last week in a devel- 
opment program loading to the first 
test flight next summer. 

Von Braun said that recovers' will 


not be tried in the first tests in order 
to keep the tests as simple as possible. 
Me said, however, that spent booster 
recovery will be the next major method 
to reduce space transportation payload 
costs per pound. Saturn will put one- 
pound of payload into orbit for S500, 
compared with SI million per pound 
for the first Vanguard, he said. 
Recovery Technique 
Recovery technique will involve use 
of a control system to orient the casing 
in a tail-down attitude as it re-enters 



PALAEMON, a 180-ft. long, 38-ft. wide barge that will transport NASA’s Saturn heavy- 
space booster to its launch site at Cape Canaveral next year for its first flight test, arrived 
last week at the Marshall Space Might Center. Huntsville. Ala., after a 16-day trip from 
Houston. Tex. Built by the Todd Shipyards Corp. of Houston, the barge contains its own 



LOCATION of shielding to protect against radiated and conducted heat generated in 
Saturn captive tests is shown in this drawing of the bail section of the booster. 


the atmosphere. After re-entry, a coni- 
cal drag-stabilization balloon will de- 
manding system consists of three 
cargo parachutes. 

At 100-ft. altitude, solid propellant 
retrorockets will ignite to reduce land- 
ing velocity close to zero. 

Spent booster will follow a ballistic 
trajectory into an estimated 5-mi. dis- 
persal area, where a landing ship dock 
(LSD) will he stationed for retrieval. 

New test scries beginning at Hunts- 
ville, Ala., will use booster chambers 
approximating those of the flight vchi- 

Two tests of the clustered eight 
engines are planned for duration of less 
than 30 sec., and the rest will run 100 

Each engine will develop 165,000-lb. 
thrust initially, and the system will be 
developed so that ultimately each will 
develop 188,000-lb. thrust. 

First Tests Successful 

hirst series of eight captive tests was 
completed in June, and von Braun said 
they were "100'? successful" in estab- 
lishing the feasibility of clustering large- 
liquid rocket engines. 

Current series will use engine cham- 
bers with heavier shielding added to 
the tail section. Heat shield has been 
installed at the nozzle throat level, and 
a flame shield has been installed be- 
tween the nozzles of the four inboard 
engines, hire wall has been installed 
below the fuel and liquid oxygen tanks, 
and a lower shroud has been added to 
encase the engine down to the level of 
the flame. 

lest program is being run to deter- 
mine general engine performance, using 
900 data channels to record informa- 
tion on vibration, pressure, tempera- 
ture. acoustical measurements and fuel 

Sound Distribution 

Measurements will be made on the 
booster, the test tower and in the ad- 
joining area to determine sound dis- 
tributions caused by addition of the 
lower shroud. 

In other Saturn developments. Mar- 
shall is evaluating proposals for a studs 
contract for automated test equipment 
for the booster stage, and Douglas Air- 
craft Co. has been awarded an S85.000 
contract to study operational aspects of 
the second generation Saturn C-2 con- 
figuration. 

Douglas study, due in eight months, 
will examine production, recovery- and 
reconditioning, checkout, static test, 
transportation, launch site operations 
and facilities and flight evaluation. 
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SACS MOST UNUSUAL MISSILE 

To enemy radar, these are all B-52’s. Altitude, performance, radar return and 
flight patterns confirm this. 


But two of these bombers are decoys . . . diversionary missiles to lure the firepower 
of the enemy away from target-bound B-52’s. 

Each SAC B-52 can carry McDonnell GAM-72 Quails in addition to its prime 
target bombload. By simulating the characteristics of the parent aircraft and 
saturating enemy defense systems, the GAM-72 greatly increases the deterrent 
potential of a bomber striking force yet costs less than 2% of the cost of a B-52. 
McDonnell is now delivering GAM-72 missiles, launch gear, support equipment 
and bomber controls to Strategic Ah Command operational squadrons. 


For illustration suitable for framing 
write: Dept. 80, McDonnell Aircraft 
St. Louis, Mo. 

MCDONNELL 


MCDONNELL AIRCRAFT • ST. 



PROOF OF 

HIGH PERFORMANCE 

...LIBRASCOPE 

DIGITAL COMPUTERS 



84 


High performance for leading business, military and industrial systems is 
displayed in this presentation of Librascope's digital computer family. 
They offer an extension of man's expanding mind, allowing achievements 
which only a few years ago were far beyond his reach. Librascope engi- 
neers are developing still more outstanding computers which will employ 
the most advanced techniques of logical design, packaging, memory 
systems and display. 

Advanced research teams and continuing product improvement studies 
assure highest reliability and performance of all systems and components. 
The Company's 23-year history encompasses an unrivaled scope of varied 
analog and digital computers, a background which has produced many 
industry “firsts” and further demonstrated that Librascope means leader- 
ship in computers. 


1— LGP-30, 4096-word drum memory 

2— UBRATROL-500, 4096-word drum memory 

3— ASN-24, 2048-word drum memory 

4— CP-209, 3000-word drum memory 

5— RPC-9000, 10,000-unit record tape 
storage plus modular delay line memory for 
working storage 

6— MARK 38, 512-word drum memory 

7— AIR TRAFFIC CONTROL, 4000-word 
core memory, plus 256,000-word modular 
drum memory system 

8— LIBRATROL-IOOO, 8000-word 

9— RPC-4000, 8000-word drum memory 

10— MARK 130, 4096-word core memory 







"K” Monel... 

strong at 1000°F, 
still ductile below -300°F, 
non-magnetic below -210°F 


Freely available... 
where can you use it? 

With its useful and unique combination 
of properties, “K” Monel* nickel-copper- 
aluminum alloy may provide the answer 
to special problems in several areas of 
missile design. This versatile alloy is 
available in standard mill forms — rods, 
bars, sheets, tubing or wire. 

For strength, hardness, toughness, “K” 
Monel alloy provides tensile strengths as 
high as 170,000 psi, can be hardened to 
over 300 Brinell. It offers high levels of 
torsional and impact strength with proper 
heat treatment. 

For high and low temperature service, 

“K” Monel alloy can be age-hardened to 
retain useful strength at temperatures 
above lOOtTF, and to remain ductile at 
temperatures below — 300° F. It has 
outstandingly low permeability at room 
temperature, and remains non-magnetic 
below — 210°F. 

For corrosion resistance, “K" Monel alloy 
is the equal of Monel* nickel-copper 

fresh waters and many acids and alkalies 
—at normal and elevated temperatures. 
Readily worked, “K” Monel alloy can 
simplify fabrication as well as design. It is 
readily forged or machined. It can be heat 
treated alter machining, with virtually 
no distortion. Want more information? 
Write for Technical Bulletin T-9, offering 
28 pages of up-to-date engineering data. 
Specialized assistance on materials prob- 
lems is yours for the asking, too. Outline 
your specific needs in a letter to our 
Technical Service. -imo inomirk 

HUNTINGTON ALLOY PRODUCTS DIVISION 

The International Nickel Company, Inc. 
Huntington 1 7, West Virginia 



"K” MON 


MISSILE ENGINEERING 




Ship Provides Precise Missile Tracking 


Cape Canaveral, Fla.— Absolute meas- 
urements of missile trajectories down 
the Atlantic Missile Range will be pro- 
vided bv the newest USAF downrange 
vessel. Twin Falls Victory, using the 
missile’s launch stand as the reference 
point for the tracking operation. 

To perform precision tracking. Twin 
Falls is fitted with AN/FPS-16 (track- 
ing) and SPN-8 (surveillance) radars. 
N7C inertial platform. Mark- 19 gyro 
compass, UHF transmitting and receiv- 
ing antennas and high-frequency 
LORAC (Long Range Accuracy) radio 
positioning equipment. The ship will 
begin operating by mid-1961 with 
flight tests of the Army's solid-fueled 
Pershing surface-to-surface missile. 
Range of the vessel will be about 500 
mi., hut this can be extended without 
difficulty when more downrange geo- 
graphical points or additional LORAC 
sites are more precisely located for the 
slop to position itself. 

Previously, only land-based tracking 
stations have made absolute (three-di- 
mensional) measurements, within an 
error of 0.2 mils (20 ft. per 100,000 ft.). 
Twin falls is expected to begin opera- 
tions within 1 mil and improve with 
time. Biggest advantage of the vessel is 
its ability to move into varying target 
areas and nicer requirements of differ- 
ent programs. USAF also feels that 
quality of tracking data should improve 
and that the range safety problem 
should be considerably alleviated by pro- 
graming more shots toward open seas, 

LORAC sites, on which the Twin 
Falls will position itself, have been lo- 
cated by first-order coast and geodetic 
surveys. Two networks, one comprising 
sites at Jupiter. Fla., Crand Bahama 
Island and Carter Cay. a Bahama bank 
island, and the other including Carter 
Cay. Great Stirrup and F.lcuthcra. will 
lay down base lines developing hyper- 
bolic- patterns. Phasemeters aboard the 
vessel will read the shifts between lanes 
of the patterns and, from previously- 
computed relationships between lanes 
and longitude and latitude, the Twin 
Falls will be able to determine its posi- 
tion within 50 ft. 

Radar operation of the Twin Falls 
consists of two modes— acquisition and 
tracking. Land-based stations will first 
pick np the missile’s flight on their 
radars and transmit azimuth, elevation 
and range data to the ship through radio 
links. With this information precom- 
puted trajectory tapes and knowing both 
its position and the position of the 
launch stand (also determined by first- 


TWIN FALLS VICTORY, newest USAF downrange vessel, will i Lc il sol tc c s c c t 
of missile trajectories. Twin Falls, built in 19-15, is 455-ft. long with a 62-ft, beam. 


order coast and geodetic survey), the 
FPS-16 will search until it locates the 
missile. Once located, the radar will 
lock on its tracking mode and the data 
fed into a computer. 

The N7C inertial platform records 
the pitch, roll and vaw of the ship and 
the rigidly-mounted radar platform. 
This information is also fed into the 
computer, where data processing cor- 
rects radar angle data with angle data 
from the stable platform. Corrected in- 


formation is then stored on magnetic 

SPN-8 surveillance radar is used for 
impact location and is similar to carrier- 
based GCA radar. 

Corrected tracking data will be trans- 
mitted to overhead downrange aircraft 
on UHF transmitters and flown back to 
the Cape, eliminating the necessity of 
the ship's return to port. 

Total cost of conversion, including all 
equipment described above, was $10 
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G-20 Computer 
You Can 


MOVE UP. 


TODAY'S MOST ADVANCED COMPUTING "PACKAGE” 


Tbday’s high-powered computing equipment is only as good as the program- 
ming systems that enable it to do useful work. In the development of the 
Bendix G-20, these all-important programming systems were planned and 
perfected in close coordination with the equipment designers, and received 
equal emphasis. The result: today’s most powerful computing “package;’ 

• The G-20's simplified programming enables your present personnel to take 
advantage of the powerful problem-solving abilities of the computer, regard- 
less of their previous computer experience. Such a programming system is 
ALCOM— an algebraic problem-solver based on the international mathematical 
language of ALGOL. Compatible with the ALGO programming system for 
the Bendix G-15, ALCOM permits your technical staff to transmit problems 
to the floating point circuitry of the G-20 in universal mathematical language. 

• ALCOM is complemented by a library of sorting, file maintenance and other 
routines for specific tasks. The refined indexing and decision-making capa- 
bilities of a powerful command vocabulary have been instrumental in making 
these simplified techniques possible. They are unmatched for ease of use and 
efficiency. • Not overlooking the G-20 proper, we have recently increased 
computing speeds by 40% ... to the rate of 83,000 additions per second (aver- 
age, floating point, one-word precision). Magnetic tape speed is now 240,000 
digits per second . . . and printing speed can be up to 1500 lines per minute. 
These new characteristics, combined with the G-20's efficient “organization 
chart” system design and perfected programming ease, provide an unmatched 
return on your computing dollar. Prove this fact to your own satisfaction. 


Call the nearest Bendix Computer office, or write: 

Bendix Computer Division 




million. Pan American World Airways. 
Guided Missiles Division, was responsi- 
ble for integration of all systems a.ioard 
the vessel, with Electric Boat Co. re- 
sponsible for installation of the mstru- 

and Shipbuilding Co,. Mobile. Ala., did 
the conversion work. 

Twin falls will carry a crew of ap- 
proximately 60. Pan American will pro- 
vide a ship operations manager, five 
weather technicians and two supply 
technicians. RCA will provide about 
50 technicians to operate the radars and 


PRODUCTION BRIEFING 


food Machinery and Chemical 
Corp., San Jose. Calif., has received 
two contracts totaling 54.9-17,000 on 
the Mauler air defense missile system 
from Army Ordnance Corps and from 
Comair- Pomona, prime contractor on 
the system. Army award calls for de- 
sign and fabrication of lightweight 
tracked vehicle to carry the Mauler. 
Convair contract is for design and de- 
velopment of pod assembly for the mis- 
sile system. 

Lockheed Missiles and Space Divi- 
sion plans a $4 million expansion pro- 
gram consisting of a 172.800 sq, ft. 
engineering and laboratorv building. 
Work on the project is scheduled to 
begin early in January and the build- 
ing is to be ready for occupancy in 
June. 

Propulsion Development Laborato- 
ries, Inc., has received an order for 144 
boom-monnted pitot tubes for the 
Northrop T-3S Talon supersonic jel 
trainer. Tire 5200.000 order from Nor- 
air Division of Northrop Corp. brings 
to 253 the number of units ordered in 
the last 60 days. Press Temp, a divi- 
sion of Propulsion Laboratories. Inc.. 
will manufacture the pitot tubes. 

Austrian Defense Ministry has con- 
tracted with Saab Aircraft Works. Lin- 
koepping, Sweden, for 1 5 Saab 29F type 
ground support and fighter planes val- 
ued at around $2 million. Delivery will 
begin next spring. 

Grumman will equip the SA-1 6 Alba- 
tross amphibian with a magnetic anom- 
aly detection (MAD) tail stinger, sono- 
buoys, air-to-surfacc radar and electronic 
countermeasures equipment for NATO 
anti-submarine warfare missions. Modi- 
fication is being performed by Grum- 
man through the U. S. Air force under 
a S1.64S.000 Military Assistance Pro- 

Ghancc Vought Aircraft's Electronics 
Division has received a contract for 
video correlators, covering nearly $100,- 


000. from U. S. Marine Corps. Weigh- 
ing 10 lb. and occupy ing less than 1 
cii. ft., the devices will be fitted to 
ground-based radars. Units have been 
sold previously for airborne application 
in Navv aircraft: this is first ground- 
based service application of Chance 
Vought device. 


Collins Radio Co. will erect a $1.8 
million manufacturing building at its 
Richardson facility, near Dallas. Tex. 
New building will contain 1 1 7.000 sq. 
ft. of floor space and is scheduled for 
completion Aug. 15. 1961. Construc- 
tion is being handled by Alpha Corp., 
a Collins subsidiary. 



Air force will install an AN EPS- 
49 tracking radar at the Thule Ballistic 
Missile Early Warning Svstcm Station, 
a reduction for economv reasons from 
the three radars original]) planned. 
BMEWS I facilits has b-.eii built so 

out construction of new buildings. 


Nortluop's Nortronics Division 
Q-ball attitude sensor, projected for 
service in the North American X-l 5 
out-of-atmosphere research plane (AW 
July 20. 1959, p. 52). is scheduled to 
be flown for first time this '.seek in the 
No. 1 X-l 5 aircraft powered by interim 
twin rocket XLR-1 1 powerplants. 


Adding .0005" To Save You $75.00 


Most overhaul shops scrap between 
80 and 90”,', of all main crankcase 
bearings in R-1830-75, R-2000 and 
R-2800 engines at overhaul . . . bear- 
ings with a replacement cost of 
$100.00 each. Airwork saves 90% of 
these bearings in engines overhauled 
here through a unique plating proc- 
ess that makes them equal to new. 
Cast: $25.00. 


bearing, you must be able to use a 
technique that makes a plating tank 
out of the bearing; and apply the 
lead induim to dimensional ac- 
curacy of .0002". Since the plating is 
done with the bearing in the hous- 
ing. all distortion that can be in- 
duced when a new bearing is rolled 
in place is eliminated. 


This plating job takes more know- 
how and investment than mast in- 
dependent overhaul shops are will- 
ing to develop. To replate a main 


Wherever a precision operation 
can reduce your costs without sacri- 
ficing quality, that operation is part 
of Airwork overhaul procedures. 


Millville, New 




ATLANTA • CLEVELAND 
MIAMI • NEWARK • NEW YORK 
BOSTON • WASHINGTON 
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I GS [p 3 s impartial recommendations 

ensure superior reliability 



CYLINDRICAL ROLLER BEARINGS 


BALL BEARINGS 


Because ascsiF's broad line of bearings includes 
all basic types-SSSIP engineers can select bear- 
ings impartially. They recommend the best type 
of bearing for the application— and thus provide 
the reliability inherent in the design of the par- 
ticular bearing type— ball or roller. 

This engineering advantage— combined with 
46 years' experience in bearing design and ap- 
plication-enables SSBSiP to produce more reli- 


able bearings. Typical of the bearing refinements 
designed by S8S1P to solve the aerospace indus- 
tries' most critical problems, these bearings are 
being manufactured right now: 

• ultra-precision, high-temperature angular con- 
tact bearings— with lightweight, one-piece, ring 
supported cage— for aircraft and missile turbo- 
equipment. 

• special alloy, open curvature, synthetic caged. 


of bearing types 

in aerospace bearings 



precision ball bearings for cryogenic applica- 

• unique ball and roller bearings incorporating 
integral mounting components for all types of 
aerospace applications. 

Achievements like these— in engineering, re- 
search and manufacturing— are constantly being 
brought to bear in all-out effort to reach an ulti- 
mate goal: PREDICTABLE RELIABILITY IN AERO- 


SPACE bearincs. To find out exactly what these 
achievements already mean in terms of reliabil 
ity, call or write the nearest skip branch office, 
aicsr Industries, Inc., Philadelphia 32, Pa. 






Now 2 to 3 
week delivery 
on popular 
BUORD items... 


and in production 
quantities! 






Polaris A2 at Cape Canaveral Site 

First Navy-Lockhecd Polaris A2 test flight, which has been test fired at Cape Canaveral. 
Fla. (AW Nov. 14, p. 58). is shown on stand. Missile flew 1.600 mi. and its Aerojet* 
General second stage is 50 in. longer and several hundred pounds lighter than A1 first 
stage (AW Nov. 7. p. 27). Below. Polaris A1 canister is lowered into a launch tube on 
the USS George Washington submarine, now on patrol duty (AW Nov. 21. p. 29). 



EQUIPMENT 


Supersonic Transport Checkout Studied 


New York— Use of automatic check- 
out equipment to monitor supersonic 
transport systems in flight and to auto- 
mate their maintenance on the ground 
will require design of the svstems from 
the ground up with checkout compati- 
bility in mind, according to members 
of the American Society of Meclianic.il 
Engineers who met here recently. 

Computer-centered checkout systems 
to speed troubleshooting and mainte- 
nance of the highly expensive and com- 
plex Mach 3 airplanes will be an eco- 
nomic necessity', participants in the 
ASME aviation session stressed. 

The engineers acknowledged that 
automatic checkout could nave im- 
proved the utilization and maintenance 
economics of current jet transports. But 
systems design went ahead without pro- 
vision for such an approach and it is too 
late to retrofit. 

With the supersonic transport, how- 
ever. where a saving of an hour a day on 
the ground would be worth S3. 5 million 
a year to the airline operator, the de- 
signer must provide maintenance per- 
formance to match flight performance, 
according to two Convair experts. 
Universal Tester 

Use of a single universal type tester 
for checkout and troubleshooting was 
discussed in a joint presentation by Eric 
R. Woods, avionics design specialist of 
Convair. and Charles L. Blake. Con- 
vair's transport systems development 
manager. This tester might be the size 
of a suitcase. 

Heart of the checkout system is a 
digital computer of the type used for 
control and data processing. Operating 
under its control are stimulus genera- 
tors and measurement transducers not 
conveniently integrated with the air- 
craft. 

Provision is made for self-test of the 
system and self-fault-isolation. Tin’s de- 
vice could complete a comprehensive 
ground checkout in a few minutes, in- 
cluding fault isolation where desired. 

Use of an airborne unit also appears 
desirable, according to the Convair 
scientists, thus assuring test support at 
all times. The in-flight unit would be 
part of an integrated system keeping the 
crew constantly informed of aircraft sys- 

In an emergency, the computer could 
initiate corrective action and advise 
the pilot of the situation for further 

Along with the " design-f or-mu in ta in- 
ability” program using computer tech- 


niques. the Convair engineers stressed 
the need for a "design-for-reliability” 
program in building the supersonic 
transport. Based on the statistical relia- 
bility principle, this program would 
involve the use of a reliability model 
programed on a digital computer. Func- 
tional analysis of each aircraft system 
is made in a closed loop operation 
where reliability deficiencies are red back 
into the design and the process repeated 
until reliability objectives are met. With 
this technique, the equivalent of thou- 
sands of hours of svstern operation are 
analyzed before the system is committed 
for use in the airplane. 

These reliability and maintainability 
programs arc closely related to achieving 
optimum airplane systems including 
their logical structure and compatibility 
with data access and checkout proce- 
dures. An important consideration is 
packaging of the aircraft systems; com- 
ponents should be grouped into well- 
planned, logical subassemblies or mod- 


Cost of the capability for automated 
checkout would be 2.5% higher than 
similar procedures under today’s meth- 
ods, Blake said, and bringing all check 
points to one location and automating 
them would add .3% , for a total increase 
of 2.8%. But. by saving 1% in manu- 
facturing costs and one hour a day of 
ground time, more than 20% of the 
aircraft purchase price could be recov- 

Present Systems 

Two North American Aviation, Inc.. 
engineers, in another discussion of sys- 
tem test techniques, called the present 
system of periodic ground checkout 
less than satisfactory for supersonic 
transport operation. Period checkout 
times arc set at predicted points beyond 
which confidence level in the equip- 
ment’s reliability can no longer be al- 
lowed to decline. 

But the Mach 3 transport with its 
high costs, greater demand for takeoff 
reliability and increasing pressure for 



United Orders Dalto Dual-Image Simulator 


Dual-screcn visual flight simulator for use with Douglas DC-6 simulator has been pur- 
chased by United Air Lines from Dalto Corp., Norwood. N. for use at United’s Denver. 
Colo., training facility. Previous installations used single screen or projection. System 
consists of a closed circuit television system and a belt on which approach and mnway 
light patterns are depicted with fluorescent paint, activated by ultraviolet lamps. Belt moves 
toward the DC-6 simulator at the relative speed at which the simulator is “flown." In the 
cockpit arc \Y. J. Samuels, left, United s simulator training manager, and Dave Shrovcr. 
United flight instructor. 
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COMPONENTS 
& ACCESSORIES 

VEECO manufactures a complete line 
of high vacuum equipment . . . Leak 
Detectors, Components, Evaporators, 

Pumping Systems 

accepted as the quality ozg. 
line for over a decade. m!nn 

For individual Bulletin i 

or Complete Catalog ==& 

write Dept. 860. 


VACUUM ELECTRONICS CORP. 

Terminal Drive, Plainview, LI., N.Y. 


HIGH VACUUM & LEAK DETECTION EQUIPMENT 



Bill McLcllau. Electro-Optical Systems. 
Inc., in response to S1.000 offer made by 
CalTech scientist to anyone who could con- 
struct so diminutive a device. Using a 
watchmakers lathe, a microscope and a 

tinv B-part electric motor, shown next to 
head of an ordinary household straight pin. 

Company has no crcial plans fm the 

motor, but McLellan collected SI. 000. 


utilization, requires a new approach to 
equipment reliability checking, accord- 
ing to A. C. Fulkerson of North Ameri- 
can's Los Angeles Division and M. 
Polack of the company's Autonctics 

Such an approach is being used with 
the North American B-70 supersonic 
bomber, closest present approximation 
to the Mach 3 jet transport. The "con- 
fidence check” is transferred from the 
ground to the air by using the B-70's 
digital-computing and recording equip- 
ment to program, control, and analyze 
automatic in-flight checkout of the air- 
craft systems. Equipment in the B-70 
is to be of a self-checking nature. 
Subtle Failures 

Magnitude of the systems-maintc- 
nance task is increased in the Mach 3 
transport well beyond the scope of pres- 
ent maintenance operations, according 
to the North American engineers. Cor- 
rect systems operation is a vital require- 
ment not only for economics but for 
flight safety. Simple visual and func- 
tional tests by a maintenance man no 
longer will be adequate; most failures 
will be of a subtle nature and Mil re- 
quire tests in which dynamic stimuli arc 
applied to the aircraft systems. 

These systems in a typical Mach 3 
transport might include long-range 
radar, air-data computer, automatic 
flight control, variable geometry inlet- 
duct system, gyro platform system, in- 
flight magnetic tape recorder, and gen- 
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cral-purposc digital computer. Ideally, 
most "confidence testing" of these sys- 
tems will be done during flight. Systems 
will have built-in self-test features and 
testing will make use of these features 
as well as of other portions of svstems 
available aboard the aircraft. The pro- 
gram must provide for isolation of sub- 
system failures to removable units. 

When malfunctions arc detected by 
the confidence tests, the terminal will 
be called upon to isolate the fault to an 
interchangeable unit, which will be re- 
placed to put the airplane back into the 
available status. 

In a typical airborne test svstem. the 
digital computer at the center of the 
system is the same computer intended 
to perform navigation, cmise control, 
collision avoidance and other computa- 
tions for safe and economical flight. It 
will be available for the test program 
on a time-sharing basis. Because there 
will be priority functions for the com- 
puter during (light, a tape recorder will 
store checkout data for analysis. 
Military Systems 

Automatic checkout equipment for 
military aircraft was discussed bv R. G. 
Lohmnnn. of PRO Electronics. Inc.. 
who reported that two actual applica- 
tions will be made in the W2F-1 and 
A2F-1 aircraft. 

The W2F-1, a twin-engine turboprop 
plane, uses a permanent airborne check- 
out installation, integrated with the 
aircraft electronic system. This plane 
carries about five tons of electronic 
equipment for its AEW work, Loh- 

Tlie airborne checkout system wall 
provide continuous automatic monitor- 
ing of the AEW equipment while it is 
operational. It eliminates 907? of the 
equipment needed on the aircraft carrier 
deck. The checkout system will in- 
crease the aircraft gross weight by .237? . 
and is only 2.2% of the weight of the 



Thermionic Converter 


by Thompson Ramo Wooldridge in asso- 
ciation with Thermo Electron Engineering 
Corp., Cambridge, Mass. TRW has USAF 
contract to build experimental vacuum and 
vapor type thermionic generators capable 


equipment being cheeked. Lohmann 

In the case of the A2F-1. checkout 
equipment is on the ground because of 
space limitations in the aircraft. The 
system comprises four carts, one con- 
taining the test center which operates 
with one or more of the other carts to 
perform the system tests. 

The airline customer's viewpoint was 
expressed at the ASME session, part of 
tiie society's annual winter meeting, by 
William Littlewood. vice president- 
engineering of American Airlines. 

Littlewood said subsonic jets could 
use advanced automated maintenance 


Contains Facts and Figures on 
Buckeye's complete line of new avi- 
ation refueling equipment. 

• OVERWING REFUELING NOZZLES 

• UNOERWING REFUELING NOZZLES 

• OIL NOZZLES 

• VALVES ANO ADAPTERS 

• HYDRANT COUPLING AND 
EMERGENCY VALVES 

• HYDRANT ADAPTERS 

• HYDRANT MANHOLES 

• MILITARY SPECIFICATION 
REFUELING EQUIPMENT 
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systems, too. Complexity of checkout 
equipment discussed, he said, was 
merely an extension of some of the 
equipment used already by the airlines 
-the ignition analyzer for piston air- 
craft, for example, or the jets' landing 
gear signal lights. But a prime need in 
systems design. Littlewood said, was for 
reliability in the first place: "If things 
were built right in the first place, we 
wouldn't have to check them so much 
in the second place." 

Any ground checkout system for air- 
line rise. Littlewood said, should be de- 
signed so that ordinary mechanics amid 
spot the trouble, take out and replace a 


catalog 

If you have anything to do with the 
purchase or specification of aviation 
refueling equipment, or if you're 
just curious, we want you to have 
a copy of our new Buckeye Avia- 
tion Refueling Equipment catalog. 
It's free for the asking. 
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Example . . . 


. . . of B & P capability 
to make lightweight 
metal assemblies for 
electronic equipment 

Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements. 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
dose tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include . . . 



products or assemblies for elec- 
tronic equipment, take 
advantage of B & P's ex- 
perience and capability. 


BROOKS & PERKINS, INC. 




unit, and let the airplane go on its way. 
'I here is a requirement, he said, for 
logical subdivision and unitization of 

without interfering with connections to 
neighboring units. 

Littlewood suggested that the "sud- 
den great interest" in checkout systems 
might stem from manufacturers' fears 
for supersonic transport safety as well 
as economic problems. 

Regarding the supersonic transport. 
Littlewood said such an airplane "is just 
a dull ember-not even a glow in the 
eye of its prospective father" at this 
point. Tire B-70 will provide experience 
for such a program, lie said, which 
might get under way about five years 


levels and their ability (1) to remain 
seated or standing and (2) to perform 
complex tasks during and after shock. 

In all hardened Atlas. Titan and 
Minutcnian sites, main floor areas are 
suspended from large shock absorbers. 
High over-pressure shocks caused by 
nuclear attack would be transformed 
into lower gravity forces, but with high- 
amplitude. low-frequency floor oscilla- 
tions and equipment displacement. 

Tests conducted at American Labora- 
tories' plant will determine human tol- 
erances to shock frequencies and dura- 
tions. Other tests include increase in 
blood pressure, blurred vision, coordina- 
tion. nausea and balance compensation. 

Lycoming Receives 



Shock Device Tests 
Near-Miss Reaction 

Shock conditions simulating those 
of near-miss thermonuclear attack have 
been built into a tunc spring shock 
machine by the American Laboratories 
Division of American Electronics. Inc.. 
Fullerton. Calif. Machine will test re- 
actions of launch crews at hardened 
ballistic missile sites to various shock 


T53 Follow-On Award 

Production of the Lycoming T53 gas 
turbine will continue under an SS.ft-mil- 
lion Air Materiel Command contract. 

The contract award, made bv the 
Aeronautical Systems Center. W'right- 
Patterson AFB, to Lycoming Division 
of Avco Corp.. Stratford, Conn., con- 
cerns turboshaft T53-L-5 engines for the 
Army's Bell IIU-1B helicopter and tur- 
boprop TS3-L-3 versions for the Army's 
Grumman AO-1 Mohawk. 


SUBJECT being toted on shock simulator at American Laboratories. Fullerton. Calif., finds 
it difficult to operate controls on standard electronics rack. American Laboratories says that 
ballistic missile launch crews may have to lx- equipped with crash helmets, magnetic shoes. 
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ANTENNAS 

AS ATLAS SPED 9000 MILES for a Free World dis- 
tance record, the U.S. Air Force ATLAS Radio 
Command Guidance System precisely guided 
the missile into correct trajectory, then instantly 
cut off propulsion at the exact combination of 
position and velocity needed to hit the target. 
THE FREE WORLD S MOST ACCURATE RADAR ANTENNA 
for missile guidance was needed to precisely 
transmit signals from the system computers 
to the ATLAS missile. This tracking antenna 
required an all-out development effort for 
precision by General Electric's Ordnance De- 
partment under contract to the G-E Defense 
Systems Department. The result — a series of 
design and manufacturing breakthroughs in the 
missile radar antenna field. 

FIRST MOLDED-SURFACE REFLECTOR DISHES, stand- 
ing 10 feet high and finished to .008 inch, are 
light, rigid, and precise. 

FIRST SERVO-SLAVED RADOME, air-conditioned to 
a one-half degree tolerance, features special thin 
film window which follows reflector dish. The 
result is maximum temperature stability and 
minimum RF distortion. 

FIRST GEARLESS POWER DRIVE successfully applied 
to a tracking antenna furnishes unexcelled 
smoothness and positioning accuracy at ex- 
tremely low rates of rotation. This Directrol* 
power drive combines a unique direct drive 
motor with an advanced servo control. 
TOLERANCE OF .000050 INCH on 48-inch diameter 
base ring assures stability of antenna mount. 
DIRECTROL POWER DRIVE furnishes the key to ultra- 
precision on the ATLAS tracking antenna. For 
more information on this unique power drive, 
write for GEA-701S, “Directrol Gearless Power 
Drives” and “Gearless Drive For Power Servo.” 
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“CAPABILITY THAT I ¥ I 
CAN CHANGE I U 
YOUR PLANNING” I I I 


AVIONICS 



DIODES, slated fui design into guidance and control systems of Minnteman ICBM. are subjected to vibration test (leftl and visually 
or failure rate, of these parts is expected to be raised by two orders of magnitude. 


Minuteman Avionics Reliability Increases 


L.os Angeles— Partial results of a 
broad program aimed at boosting relia- 
bility of avionic components slated tor 
the Minuteman ICBM show significant 
progress toward the goal of slashing 
component failure rates bv a factor or 
as much as 100 (AW Oct. 19. 1959. 
p. 69). 

The program is intended to ensure 
that components going into the guid- 
ance and Bight control systems of 
Minuteman missiles can survive the 
weapons long periods of watchful idle- 
ness in underground silos and the en- 
vironmental rigors of possible launch 
and operation. North American Avia- 
tion's Autonctics Division. Minuteman 
associate prime contractor, is tightly 
supervising the reliability effort. 




STEPS in test, evaluation and selection of components destined for the Minuteman ICBM 





Tru-Loc Swaged Aircraft Fittings 

guaranteed free from defects... 

Tru-Loc aircraft fittings are guaranteed three ways — they conform to 
specified dimensions; they hold to the minimum rated breaking 
strengths of the cables to which they are swaged; and they are free 
from deformation, splits and internal cracks. With Tru-Loc swaged 
fittings you also get: 

Widest range of sites • Tru-Loc fittings are available for cables 
ranging from 14" to 214" diameters. 

Types for every application . Sleeve-type, ball-type, ball-with-strap, 
center- pull loop fittings, "Quickies" for instant connect and dis- 
connect— all of these fittings were originated by American Chain 
& Cable Company, Inc. Special fittings can be designed as required. 

"NO- MAG" CABLES GIVI BETTER CORRO- 
SION-RESISTANCE THAN STAINLESS STEEL 

"No-Mag"cableisnon-magnetic, won't 
interfere with instrument operation. In 
corrosion-resistance and thermal char- 
acteristics, it is superior to standard 
stainless steel. "No-Mag” aircraft 
cables also offer high fatigue and abra- 
sion resistance, are available in a com- 
plete range of sizes in all the standard 
aircraft constructions. 



GET THE COMPLETE STORY on ACCO products for the aircraft industry 
Write to the Detroit Office 


TRU-LOC FITTINGS 


Automotive and Aircraft Divisior 
American Chain & Cable Company, Inc. 

601 Stephenson Bldg., Detroit 2 
cco St., tos Angeles 22 • 929 Connecticut Ave., Bridgep 



MATRIX board containing one hundred 


transistors is placed into environmental 
chamber for life tests at accelerated condi- 
tions. Component manufacturer. Fair- 
child Semiconductor Corp., hopes to bring 

small portion of the components and 
their testing. The component supplier 
bears the remaining expense in payment 
for the component reliability improve- 
ment program he might not otherwise 
be able to shoulder alone. Of course, 
each manufacturer is being paid addi- 
tionally for production quantities of 
their components earmarked for 

Minuteman. 

Participation in the Minuteman pro- 
gram gives each supplier an opportunity, 
as one put it, of eventually raising 
all its components to the Minuteman 
level. Components account for a major 
portion of the cost of Minuteman guid- 
ance/control systems because of large 
numbers required and the relative low 
cost of system assembly. 

Transistor and Diode Sources 

Besides these 13. Autonctics plans to 
bring other companies into the program 
as second sources for transistors (now 
made by Motorola, Fairchild, Dclco. 
Transition and General Electric) and 
diodes (supplied by Pacific Semiconduc- 
tor and Transitron). Four companics- 
Clevite, Texas Instruments, Fairchild 
and Transitron— are under consideration 
as backup supplier for the most widely 
used component in the system, a silicon 
computer diode, made by Pacific Semi- 
conductors. Transistor second sources 
will be selected from another group of 
10 or 12 semiconductor companies. 

Minuteman components must reach 
final reliability goals in six ascending 
time and achievement phases through- 
out the 18-month program. Suppliers 
have met the first several phase goals, 
according to failure rate versus schedule 
curves prepared as part of the program. 
For example. Pacific Semiconductors, 
which provides three types of semi- 
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conductor diodes for the program, in- 
cluding the extensively used computer 
diode, recently reached these levels: 

• Computer diode— Estimated failure 
rate of 0.0009% per 1.000 hr. Final 
goal is an actual failure rate of 
0.0002%/ 1,000 hr., highest reliability 
goal of any Minuteman avionic com- 
ponent and a reduction by a factor of 
100 from the preprogram estimated 
failure rate. The present figure is factor 
of 22.2 improvement in estimated rate. 

• High conductance diode— Estimated 
failure rate of 0.002% /l, 000 hr. Final 
goal-0.001 %/1.000 hr. 

• Low leakage diode— Estimated failure 
rate of 0.002%/ 1.000 hr. Final goal- 
0.001 %/ 1,000 hr. The preceding 
failure rate figures are at (i0% con- 
fidence level. An acceleration factor of 
100 is assumed in each case. Similarly, 
Motorola reports it is not far from a 
final goal of 0.007%/1.000 hr. with 
the germanium mesa pnp transistor it 
supplies to Autonetics. Another sup- 
plier, Fairchild Semiconductor Corp.. 
has advanced reliability of its Minute- 
man silicon transistors at a comparable 

What the stringent reliability objec- 
tives of the Autonetics program mean 

ample, cited bv Marvin Mann, reliabil- 
ity control manager at Pacific Semicon- 
ductors. Inc. If every component of a 
typical home TV receiver were to have 
the identical mean-time-failure rate re- 



CLOSEUP of Fairchild Semiconductor tran- 


for the Minuteman 



quired of PSl’s silicon computer diode, 
Mann explains, it might operate con- 
tinuously without failure for 25,000 I 

Improved reliability of components I 
for this program results from both 
better processes and better screening 
techniques. Processes are continually 
improved with failure analyses of faulty 
components found at different test sta- 
tions in the product flow from manu- 
facture to assembly, at the supplier's 
plant and at Autonctics. Corrective 
action is applied to production control 
processes, and the results are evaluted. 
Reliability then is obtained through 
control, not change. 

Product Flow 

Typical steps through which com- 
ponents pass at the supplier plant and 
into Autonetics arc indicated in an ac- I 
companying drawing, based on product 1 
flow at PSI. Diodes, fabricated at the j 
company's diode and rectifier plant, arc | 
brought to a separate 40,000 sq. ft. | 
location where samples are selected to ! 
sec that they meet Mil specifications. 1 
Here diode samples undergo two series 
of tests, common for all company di- I 
odes. One group is short order tests— 
shock, vibration and temperature cy- 
cling. In one test the diode is vibrated 
for 30 sec., and should shunting of the 
junction, an anticipated possible failure 
occur, it appears as shifting of the re- 
verse characteristic viewed on a scope. 
Top of the diode is repeatedly struck iii 
another test, resulting in a change in 
the forward characteristic (in the event 
of failure) because the failure median- 
ism is a movement of the whisker dur- 
ing shock. If a lot doesn't qualify, it is 
culled to remove potentially unreliable ! 
units. Samples arc put through -a sec- 
ond scries of tests, longer in duration, 
including 10-day moisture resistance, 
thermal storage and operation under 
electrical load. In the moisture resist- 
ance test, the diode is subjected to 
alternate hot and cold cycling. Parts 
samples which survive this company 
reliability testing experience field op- 
erating failure rates between 0.1 and 
0.01% per 1,000 hr. of operation, ac- 
cording to PSI estimates. 

Components successfully arriving at 
this point are available either for sale or 
for selection as candidates for the Min- 
Uteman program. Some of the partici- 
pating manufacturers, like Motorola, 
have separate production lines for Min- 
uteman components although, at least j 
in Motorola's case, the same produc- 
tion and process control techniques are 
applied to all transistor production. 
Others, like PSI and Fairchild, select j 
Minuteman components from their 
normal production runs. 

Minuteman component candidates 
then undergo 100% testing including 
vibration, shock, thermal aging and wa- 



PROPELLANT 

DEVELOPMENT 

Another area 

of advanced inquiry at U. T. C. 

At United Technology Corporation's 
new multi-million-dollar research and 
development complex in the San 
Francisco Bay Area, a staff with unique 
capabilities is conducting a research 
program of unusual scope. 

Specific programs under investigation in 
the propellant development field include: 

• Fundamental mechanical properties 
of heterogeneous systems. 

• Kinetics of chemical bond rearrange- 
ments and influence on thermal 
stability. 

• Synthesis and stability studies of 
energetic molecules. 

Already this research is producing 
advanced concepts of 
major significance. 


UNITED 
TECHNOLOGY 
CORPORATION 

A subsidiary of United Aircraft Corporation 
P. O. Box 358 • Sunnyvale, Calif. 
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AIRBORNE 

SUB-HUNTERS 
USE Tl 

ASW SYSTEMS 


Five major ASW aircraft 

today use antisubmarine warfare systems supplied by 
Texas Instruments. These include radar, sonar, magnetic 
anomaly detection, interval computers, intercom, and 
advanced detection systems. Now, TI is applying 
its 14-years’ antisubmarine experience to newer and 
better methods for detecting, localizing, classifying and 
positively identifying both conventional and nuclear- 
powered submarines. 

For detailed information about these special activities, 
properly cleared personnel with a need to know are 
invited to contact SERVICE ENGINEERING: 
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ter bomb tests. Completing all tests, 
components arc soldered in special travs 
for shipping to Autonctics and individ- 
ual punch cards containing data on 
electrical characteristics of each com- 
ponent accompany the component 
travs to Autonctics. 

before shipping to Autonctics, at 
three points during the course of the 
program batches of components are re- 
moved for a special scries of matrix 
tests which are regarded as key to the 
program. These tests provide: 

• Failure rate derating curves to be 
used as applications data. 

• Autonctics with a means of following 
progress of the program in detail. 

• Correlation between actual compo- 
nent failures in use and under accelera- 
tion. When this is known, a small 
sample can be used to accurately pre- 
dict failure rate for an entire lot. 

• Parts for failure diagnosis. This is 
merely a byproduct. 

In matrix tests, samples of com- 
ponents are placed on life racks at dif- 
ferent temperatures, voltages, currents 
and powers above and below rated op- 
erating conditions. Chart showing num- 
bers of components operated at these 
parameters is in matrix form. Number 
of components is selected to surround 
optimum operating conditions for the 
component. 

In first matrix an effort is made to 
determine weaknesses, if any, in the 
component, and to find failure modes 
in the component. From results of this 


first matrix the actual acceleration fac- 
tor should be found. Second matrix is 
tested under environmental conditions 
which Minutcman is expected to en- 
counter and the third is expected to 
finally demonstrate the failure rate ob- 
jective. Numbers of components tested 
ar each temperature and power differ 
within each matrix and from company 
to companv. Fairchild, for example, 
will test 9, '800, 9,300, and 34,100 in 
three matrices for its npn transistors, 
and 9.8'' ,> . 9,300 and 42,600 for pnp 
transisl . ir a total of 114,900 com- 
ponents. 

About 73% of the matrix com- 
ponents. Autonctics estimates, will find 
their way back into the flow of com- 
ponents for the Minutcman assembly. 
Component Rejection 

At Autonetics components are tested 
and a small portion are long life tested. 
Components which fail to pass weekly 
acceptance tests can be rejected. Simi- 
larly, should a batch of components fail 
to pass another scries of acceptance 
tests 4 months shipments can be re- 
jected. Among others. Autonetics pre- 
pares exception by component value 
curves, exception by amount of change 
in specified period. The former is a 
plot indicating the distribution of com- 
ponent sallies around a rated value. 
Conceivably, a batch of resistors, for 
example, which qualify in all respects 
may display an unusually high percent- 
age whose values group near the upper 


tolerance limit. This might indicate a 
potentially unreliable failure condition. 
Similarly the exception by amount of 
change plot might indicate variation in 
tolerance after a period of time heavily 
in one direction but still within accept- 
able limits. This, too, might be a dan- 
ger signal. 

A vital feature of the program is 
failure analysis effort. Each subcon- 
tractor maintains a skilled group of pro- 
fessional people— physicists, chemists, 
metallurgists and cnginccrs-to study 
causes of component failures. At Fair- 
child, for example, this group, called 
the autopsy committee, is composed 
of representatives from every area with- 
in the company. Its function is to 
track down unusual phenomena or fail- 
ures that cannot easily be characterized. 

The sequence of steps for failure an- 
alysis and corrective action at Motorola 
follows: quality control group receives 
faulty components and makes prelim- 
inary electrical evaluation. The parts 
arc then passed along with failure anal- 
ysis forms to engineering where com- 
ponents undergo a standard sequence 
of about two dozen tests, including me- 
chanically opening the unit, subjecting 
it to chemical, spectrograph ic and pho- 
tographic analysis. A form is finally 
prepared indicating failure mode, symp- 
tom and required corrective action. 

The close working relationship be- 
tween Autonetics and its various sup- 
pliers is quite unusual. Each supplier 
must maintain a program plan and sub- 
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NOW, TIROS II 

New Television and Infra-Red 
Observational Satellite 


Many of these outstanding improvements were 
designed, developed, tested and incorporated in 
TIROS II within the short period of time since 
TIROS I was launched. It is an example of the 
kind of dynamic capability that is available to 
you at RCA's Space Center by simply contact- 
ing the Marketing Manager, RCA Astro-Elec- 
tronics Division, Princeton, N. J. 

If you are interested in participating in this 
challenging team effort, contact the Employment 
Manager, Astro-Electronics Division, Defense 
Electronic Products, Princeton, New Jersey. 


TIROS II— Improved experimental weather ob- 
server-follows TIROS I to provide man with 
new and more comprehensive views of earth’s 
ever changing weather patterns from its vantage 
point some 400 miles in space. The new, more 
definitive pictures and data it gathers and re- 
turns to earth are providing a ground work for 
new giant strides in meteorology and long range 
weather forecasts. 

Tiros II satellite, like Tiros I, was designed, 
developed and built by RCA's Astro-Electronics 
Division for the National Aeronautics and Space 
Administration. It includes all of the equipment 
of TIROS I— TV cameras, tape recorders, TV 
transmitters, command receivers, timing mech- 
anisms, beacons and telemetry equipment— plus 
many new and improved devices. Chief among 



Voltage Amplifier Realizes Size Economy 

below original version. Small amplifier operates from 28 v.d.c.: turns out 30 mw", has output impedance of 2,000 ohms and maxi- 
mum gain of 40. Microcircuit version is fabricated by finely controlled evaporation of film resistors on one side, and small valued capacitors 
on other side of glass substrate. Diodes and uncased transistors can be inserted in ultrasonically drilled holes of substrate for con- 
nection between resistors and capacitors. At right, two 1500 picofarad capacitors and several diodes are shown mounted on substrate of 
uncncased three-stage amplifier. Solid State Physics Laboratory of Lear, Inc., in Los Angeles is responsible for development. 


mit periodic reports to Autonctics. Once 
a month a group of Autonctics adminis- 
trative and technical people hold what 
frequently amounts to an all-day tech- 
nical direction, or TO. meeting at the 
supplier's plant. At these meetings, re- 
ports by personnel from both organiza- 
tions detail various problems and tasks 
of the entire program. The exchange 
is unusually frank. In intervening 
weeks individual engineers concerned 
with some specific problem relating to 
the program pass back and forth be- 
tween Autonctics and the supplier. All 
facilities and processes at the supplier’s 
plants are under continual supervision 
bv visiting Autonctics engineers and 
trained technical personnel maintained 
bv the guidance assembler at each sup- 
plier's plant. 

An integral part of the program is 
extensive training and orientation of 
personnel from production workers 
through management. Autonctics found 
production yield increased \fi% after a 
worker orientation and TV presentation 
program began. At PSI, a status review 
of the program is presented once a 
month. Training movies, charts and 
visual aids are employed. 

The program manager reports to the 
company's management on the pro- 
gram's success, problems, and remain- 
ing tasks. This information is passed 
to the staff in a sequence of meetings 
depending on the level of interest. 
Monthly reports to production workers 
are tied in with foreman's meetings. 

As orientation for new employes, a 
company representative explains the 
importance of national defense and an 


Autonctics team details the Mimiteman 
program and how PSI fits into it. A 
PSI representative then elaborates on 
his company's participation. 

Motorola has prepared several color 
sound-on-film movies and several series 
of records used in conjunction with 


color slides for training and orientation 
of workers. 

Various incentive schemes arc also 
employed. At Fairchild special start- 
of-vveek-breakfasts are organized for 
workers with excellent attendance rcc- 



Radiation, Inc., Builds Bullpup Simulator 

Flight characteristics of the air-ground Martin Bull|>up missile are incorporated into mission 
simulator built for Martin-Orlando by Radiation. Inc. Bnllpup appears as a blip on the 
scope: pilot-trainee then attempts to guide the missile to the target at the center of the 
screen through a control ami. Some problems, such as drift or target bearing change, are 
programed into the simulator. Readout devices (not shown) automatically display trainee's 


AVIATION WEEK, De 


12, 1960 


105 





Over 40 miles of S,h,roflexXoaxiat Cable help assure 


Pacific Scatter Communication System reliability! 


More than 200,000 feet of Styroflex® coaxial cables are 
in active use as balanced antenna feed lines in the 
recently completed Pacific Scatter Communication 
System stretching from the Hawaiian Islands to 
Okinawa. This trans-Pacific system, one of the largest 
and most advanced of its kind in the world, uses 
ionospheric and tropospheric propagation techniques 
that produce over 99% reliability. An important part 
of the Strategic Army Communications Network 
(STARCOM), the system was designed, developed and 
constructed by Page Communications Engineers, Inc. 
for the U. S. Army Signal Corps. 


Each of the nine stations in the network is equipped 
with the same major component parts— transmitters, 
exciters, multiplex terminals and antennas. The cables 
used in the 200- and 400-foot antenna arrays range 
from %" jacketed Styroflex® cable to 3J4” jacketed 
Styroflex® cable. About 7,000 feet of J4" jacketed 
Foamflex® cable is also used in the system. The Styro- 
flex® cables were spliced in the field by an inert-gas 
Heliarc welding process to assure noise-free connections 
required for successful duplexed antenna operation. 

The extremely low inherent noise level and low 
attenuation of Styroflex®— together with this air- 


dielectric cable's stable electrical and mechanical 
properties — especially qualify it for the critical speci- 
fications of this starcom system. If your system require- 


ments call for a cable with low loss and high relia- 
bility, investigate the successful record of Styroflex®! 

(Photos courtesy of Page Communications Engineers, Inc.) 


PHELPS DODGE COPPER PRODUCTS 
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NEW AVIONIC 
PRODUCTS 



STABILITY 


When your problem requires a precision stabilized platform 
for its solution, then Aeroflex Laboratories can provide a 
gyro, slave. or inertially stabilized system of proven verticality 
and reliability, conforming to MIL-l-6181 and MIL-E-5272. 
For additional information on Stabilized Platforms for 
photographic, IR, radar or other unique applications requir- 
ing the stabilization of large devices, address inquiries to 
Dept. SP-6. 


AEROFLEX LABORATORIES 


• Pulse rate integrator, P-1-1 1 1 and 
PI-112, designed for monitoring radia- 
tion detectors, tachometers, repetition 
rate pick ups. The frequency deviation 
integrator has input sensitivity as low 
as 10 mv. mis., can indicate variations 
at different center frequencies from 50 



cps. to 50 lcc., depending on the par- 
ticular model. For example, one will 
indicate variations between 380 and 420 
cps. The PI-1 1 1 measures 3i in. wide, 
the 112 is 4J in. Prices range from 
SI 50, with 30 day delivery. Anadex 
Instruments, Inc., 14734 Arminta St., 
Van Nuvs, Calif. 


• A.C. motors, 4,500 frame series, in- 
cludes units providing outputs to H 
hp. as induction motors, up to 300 
in.-oz. stall torque as torque motors 
and from 1/200 to 1 hp. as hysteresis 
synchronous motors. Motors in the 



4,500 frame size have outside diameter 
of 5| in. and are available with one. 
two or three phase inputs, 26 to 230 
volts and with frequencies from 25 to 
400 cps. Data sheets are available from 
the manufacturer, 1MC Magnetics 
Corp., Eastern Division, 570 Main St., 
Westburv. N. Y. 

• Electromechanical chopper, Model 
30, weighs 9 grams, measures 11 in. x 
35 in. x I in. and is for use on 6.-3 volts. 
60 cps. single phase a.c. to mechanically 
modulate information signals with a 
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60 cps. modified square wave. It oper- 
ates from d.c. to 150 cps. in-65 to 
100C range. Airpax Electronics, Inc., 
Cambridge Division. Cambridge. Mary- 
land. 

• D.C. pressure transducer, P2-3000 
series suitable for applications with 
critical weight limitations. One model, 
type P2-3076 for pressure ranges up to 
5.000 psig, weighs 5 oz. and requires 



3 ma. at 2S v.d.c for zero to 5 volt d.c. 
output. Units measure approximately 
3.15 in. in length and have 1 kilohni 
output impedance. Daystrom-Wianeko 
Engineering Co., 255 N. Halstead St.. 
Pasadena. Calif. 

• Carbon film resistors, IT T ype CGI 
housed in hermetically sealed hard-glass 
cases, can dissipate s watt, twice that 
set by M1L-R-10509C for same di- 
mension package. Resistors are avail- 
able in values from 24.9 ohms to 82.5 



• Flip flop modules. III -2 plug-in unit 
contains two flip flops capable of speeds 
up to t me. and interconnection to 
form shift registers or counters without 
external gating. The flip flops arc com- 
patible with gates made by same firm 
and single-phased clocked systems op- 
erating at speeds up to 3 me. can be 
made from the combination of the two. 
Manufacturer: Abacus, Inc., 3040 Over- 
land Avc., Los Angeles 34. Calif. 
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communications problems? 


If an enemy should stage a 
surprise attack against the 
United States, our survival 
could depend on fast, reliable 
communications with com- 
mand posts around the world. Hoffman has 
been a leader in the development and pro- 
duction of specialized communications 
equipment since the early days of World 
War II. Today, it is making significant con- 
tributions to some of the most advanced 
global communications systems employed 
by our military forces. With this experi- 
ence, Hoffman stands ready to offer solu- 
tions to your communications problems. 




Hoffman j 


ELECTRONICS CORPORATION 

Military Products Division 


AERONAUTICAL ENGINEERING 




Continental Tests Light Turbine Engines 


Detroit— A front-drive frec-turbinc en- 
gine developing 500 slip, represents 
Continental Aviation and Engineering 
Corp.'s entry in the light turbine field. 

Available in turboprop and turboshaft 
configurations. Continental's Model 217 
turbine (AW Sept. 5. p. 31) is aimed 
at both military and civil markets. Ap- 
plications include helicopters, light 
VTOL aircraft and proposed turboprop 
business aircraft. 

The prototype Model 217 is now 
undergoing initial test runs at the engi- 
neering headquarters of Continental 
Aviation in Detroit. The 50-lir. qualifi- 
cation test of the engine is slated for 
April, 1961. Production will be in 
Toledo, Ohio. 

Continental reports that the engine 
has met its design weight goal of 210 
lb. for the turboshaft (turboprop 230 
lb.). 

Future goals to be met arc 500 
slip, on takeoff with 0.67 sfc. at sea 
level standard conditions. Normal rated 
power at sea level would be 405 shp. 
At sea level on a 100F day, power 
would be reduced to 41 5 shp. on take- 
off and 326 shp. normal. At 6,000 ft. 
on a 95F day takeoff power would fall 
to 337 shp. and normal rated power to 
265 slip. 

Continental says that it selected the 
300-hp. power rating of the engine after 
studying the requirements of proposed 
turboprop business aircraft. This study 
indicated that a smaller turbine would 
not provide sufficient hot-day perform- 
ance and would be limited in stretch 
potential. 

Powerplant Possibility 

The Model 217 will be mentioned 
as a powerplant possibility in some pro- 
posals for a larger version of the Army’s 
light observation aircraft helicopter 
program. In this connection, the com- 
pany-sponsored engine bears the mili- 
tary designation T72-T-2 (turboshaft) 
(AW Sept. 26. p. 68). 

The company says that the turbine’s 
development was not predicated on 
military sales and it expects commercial 
sales to carry Hie project. Price goal, 
based on volume production, is about 
SI 3,000 per unit. Prcciso cost figures 
prior to production tooling are difficult 
to predict; however. Continental is 
confident that its Toledo production 
facility will be able to reduce produc- 
tion costs. As an example of this, the 
company cites the J69 engine which 
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CONTINENTAL'S 500 shp. Model 217 hirboshaft engine is suspended for center of gravity 
and moment of inertia determination. Turboshaft engine dry- weight is 210 lb. Tire 
rotating components of the front-drive, frec-turbinc engine (T72-T-2) arc depicted below. 







AIRC-HILD 

CAMERA AND INSTRUMENT CORPORATION 


DEFENSE PRODUCTS DIVISION 

ROBBINS LANE, SYOSSET, L. I., N. Y. 


TECHNOLOGICAL FIRSTS FOR 
FAIRCHILD AND DUMONT 


1920 — Intra-lens shutter for aerial cameras. 

1928— Electrical operation designed into aerial cameras 
and first fully-automatic cameras. 

1931— Practical cathode ray tube developed. 

1932— Development of complete oscilloscope. 

1 937— Long-persistence tubes used in radar displays. 

1938— All-electronic television set marketed. 

1942 — Developed all-electronic lead computing gunsight. 

1944 — Developed and produced aerial radar reconnais- 
sance recording system. 

1945— Developed three-axis rate gyro and servo-controlled 
stabilization system. 

1948— Integrated automatic aerial camera and multi-unit 
control system. Rapidyne shutter introduced. 

1 954— Developed reconnaissance camera with self-con- 
tained automatic exposure control and five-camera control 

1960— Developed high acuity aerial reconnaissance system. 
I960— Fully automatic tactical photo transmission system. 


Engineers and scientists are invited to discuss new opportunities presented by continuing growth of the Defense Products Division. 


COLLECTION-TRANSMISSION- 


REDUCTION ■ REPRODUCTION ■ 
STORAGE AND RETRIEVAL 


PIONEERS 

JOIN 

FORCES... 


THE RESUIT: INCREASED 
TECHNOLOGICAL ABILITY 
FOR FAIRCHILD DEFENSE 


PRODUCTS DIVISION IN 

DATA 


underwent a unit price rcductiun from 
530,000 to S 1 5.000 within a 2,600-unit 
production run. 

The Model 217 turbine is an original 
design, unlike the J69 which was built 
under license from the Turbomeca Mar- 
bore turbojet. Continental has close 
engineering ties with the French com- 
pany, however, and the 217 bears a 
resemblance to the Turbomeca Astazon. 
a connected turbine design. 

The frec-turbinc Model 21” employs 
a straight-through flow pattern with an 
axial and a centrifugal compressor, a 
two-stage gas generator turbine and a 
single-stage axial power turbine. The 
turboshaft (Model 217 -3A) and the 
turboprop (-6.A) versions of the engine 
employ identical acrothcrmodynamic 
components. The engines differ only in 
the speed and location of the output 
shaft. Tire turboshaft engine has a 
6.000-rpm. output shaft and the prop 
version a 2,100-rpm. propeller shaft 

Gas Generator Section 

The gas generator section of the 
Model 217 consists of a transonic axial 
compressor stage, a centrifugal com- 
pressor, a rotating fuel distributor and 


Model 217 Specifications 

Takeoff horsepower (sea level/ 

standard t 500 slip. 

Weight (turboshaft) 210 lb. 

Weight (turboprop) 230 lb. 

Output shaft speed (turbo- 

shaft) 6.000 rpm. 

Output shaft speed (turboprop) 

2,100 rpm. 

Specific fuel consumption 0.67 


the two-stage turbine mounted in a 
sheet-metal structure housing the sta- 
tionary aerodynamic components. The 
axial compressor is machined from a 
stainless-steel forging. The centrifugal 
compressor is fabricated from steel forg- 
ings and forms part of the main shaft 
structure to which is attached the an- 
nular fuel slingcr. 

The two-stage axial turbine is con- 
nected to the rotor shaft by means of 
curvic couplings. The turbine wheels 
arc connected by a central bolt serving 
as the rear shaft of the engine. The 
main gas generator rotor is supported 
by a thrust load hall bearing at the 
compressor end and by a roller bearing 
at the turbine end. Both bearings and 



Continental J69 Aft-Fan Engines 

Cnntincnt.il Aviation & Engineering Corp.. in an effort to broaden its jet engine 
line, is designing a 2,-400-lb. thrust turbojet and 2.600-lb. and 4.000-lb. thrust aft-fan 
engines based on the J69 gas generator. The 2,6004b. thrust fan engine, designated 
356-16, stems from the 1.7004b. thrust unit powering the Ryan Firebcc target 
missile. The 4,0004b. thmst aft-fan. designated 356-24, will be designed for a 
0.64 sfc. Continental feels that aft-van versions of its asial-ceutnfugal compressor 
engines will provide an economical fan engine with just a slight increase in diameter 
over axial compressor models. 

This increased diameter would make the engines most suitable in aft fuselage 
mountings. The engines, now m the preliminary design stages, await specific mili- 
tary or commercial requirements prior to final development. 


the axial compressor rotor bearing arc 
mounted in hydrodvnamically-damped 
spring suspensions. 

The free power turbine is supported 
by two ball bearings, one of which is 
hvdrodynamically damped to reduce vi- 
bration transfer. 

A long shaft transfers the torque from 
the free turbine rotor through the gas 
generator shaft to the reduction gear at 
the front of the engine, 'lhe reduction 
gear, designed to handle 600 hp.. con- 
sists of a high-speed sun gear spline 
driven from the free turbine drive shaft, 
three stationary planetary gears and a 
ring gear which is connected to the out- 
put shaft. 

On the turboprop version, a two-plane 
planetary gear is required to secure 
2.100 rpm. on the propeller shaft. 

At takeoff power, the power turbine 
will turn at '5,000 rpm. at sea level un- 
der standard conditions. 

Static Layout 

l ire static layout of the engine fol- 
lows that of Continental's J69 turbojet. 
The engine mounts arc located on the 
accessory drive housing. To the rear 
of the mounts are the compressor and 
diffuser section, combustor housing and 
turbine housing. Forward of the 
mounts, the reduction gear housing is 
supported from the accessory drive 
housing by means of four struts in the 
inlet passage. 

Accessories are mounted at the waist 
of the engine on the rear face of the 
accessory housing. 

The accessors’ drive housing also 
serves as the annular air inlet duet. This 
housing, the reduction gear diaphragms 
and the axial compressor housing are 
magnesium castings: however, alumi- 
num may be substituted at a 23-lb. 
weight penalty. 

The hot section of the engine is in- 
spected by splitting flange joints to 
expose the combustor housings, turbine 
inlet nozzles and turbine rotors. 

Accessory drives driven by the gas 
generator section of the engine include 
a 200-anrp d.e. starter-generator, hy- 
draulic pump, oil pump, fuel pump, 
fuel control and gas generator tach- 
ometer. A series of spur gears from the 
main shaft are employed to drive the 
accessory pads. A similar mechanical 
arrangement drives the speed signal to 
the fuel control, the tachometer and 
the propeller governor from the power 
turbine. 

Lubrication System 

The Model 217 is lubricated bv 
means of a dry sump-type system which 
will require an external oil tank and oil 
cooler. Estimated heat rejection and 
oil flow at maximum output is 650 Btu. 
per min. at an oil flow of 7.5 gpm. Tire 
turboprop engine incorporates the same 
lubrication system with the addition of 
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a hydraulic torquemeter and provisions 
for a hydraulically-controlled propeller. 

'lhe fuel system of the engine em- 
ploys an engine-driven fuel pump, a 
hydroinccliimic.il fuel control and a 
rotary fuel distributor. 

In the helicopter engine, power out- 
put is a function of the power turbine 
speed and also of the collective pitch 

Gas generator speed is varied by the 
power turbine governor to maintain 
constant turbine speed as the pilot 
changes collective pitch settings. 

Single Power Lever 

A single power lever is employed. 
On the turboprop, power output is 
controlled by establishing gas genera- 
tor speed. 

liic free turbine speed is controlled 
by the propeller governor. 

Tims, both power and prop control 
levels are required. 

A hot air bleed from the compressor 
section, activated manually by the 
pilot, will afford engine inlet anti-icing. 

In regard to growth potential. Conti- 


nental says that 6(10 lip. is an easy step 
requiring only changes in aerodynamic 
profilcs to increase mass flow. Ultimate 
growth envisioned for the engine, with- 
out increasing its physical size, is S50 
hp. and sfc. of 0.64. This version of 
the 217 is well into the future, however, 
and Continental says that if a firm 
requirement is established, a 50-lir. 
preliminary flight rating test can be 
completed on the 600-lip. engine in 
July. 1961. 

Hughes Helicopter 
Crashes During Test 

Hughes Y! IO-21 1U two-place heli- 
copter being evaluated by U. S. Army 
crashed last week in a dive from low 
altitude, injuring test pilot Gene Moore. 
Moore said cockpit became too warm 
and he decided to land: last altimeter 
reading lie recalled was 40 ft. Hughes 
engineers are investigating possibility of 
carbon monoxide poisoning. Helicop- 
ter is military version of Hughes Model 
269A (AW Apr. 4, p. 88). 


Another 

electromechanical 

problem solved by 
AiResearch 



This ram air scoop is another 
example of AiRescarch’s ability to 
design and integrate structural and 
electromechanical systems for con- 
trol functions. 

Through its use, air is provided 
for emergency cabin pressurization 
and the cooling of electronic com- 
ponents. The unit is composed of a 
retractable aluminum ram air 
I scoop, extended and withdrawn by 
a 400 cycle rotary actuator, a self- 
contained 850 watt heating element 
I and an integral check valve. 

The most experienced company 
in the development and production 
of control systems for airborne and 
ground use, AiResearch has the 
ideal facilities and know-how to 
handle problems concerning elec- 
tromechanical systems and com- 
ponents of all types for aircraft, 
ground handling, ground support 
and missile systems. 

OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 
AC and DC Motors, Generators and 
Controls • Static Inverters and Con- 
verters • linear and Rotary Actuators • 
Power Servos • Hoists • Temperature 
and Positioning Controls ■ Sensors * 
Programmers * Missile Launchers ■ 
Radar Positioners • Power Supplies • 
Williamsgrip Connectors 



AiResearch Manufacturing Division 


Los Angeles 45, California 
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ai research 400 cycle ac 
Freon ground air conditioners 
are the most reliable and 
compact systems produced 
for ground cooling 
applications. They are easily 
transportable by helicopter 
or ground vehicle to any 
held location. 

The compact, fully automatic 
unit shown at left, for 
example, measures 5x5x2 ft, 
weighs only 550 lb and 
provides 714 to 10 tons of 
cooling on a 125°F day. 

It also provides 90,000 Btu 
per hour heating. 

The heart of the system is a 
simple centrifugal Freon 
compressor which has only 
one moving part. 

A hermetically sealed unit, 
it operates virtually without 
vibration and is unaffected 
by either altitude or oil level. 
Essentially the same 
AiResearch air conditioning 
system used in today’s jet 
airliners, these lightweight 
units have more than 
500,000 hours of proven 
dependability. 

Built to withstand rough 
handling in the held and 
operate dependably 
under the most severe weather 
conditions, rugged air 
conditioners of this same 
basic design are available, or 
can be built to provide 
from fractional tonnage up to 
any capacity of ground 
cooling desired. 

• A brochure describing 
AiResearch ground air 
conditioning systems may be 
obtained by writing to 
Environmental Controls 
Project, Los Angeles Division. 


Trailer mounted 

refrigeration unit, 5 tons capacity 


Helicopter transportable hut 
refrigeration unit, 

/% tons capacity 


Inflatable shelter refrigeration 
unit, 714 tons capacity 
( unit shown above) 


AiResearch Manufacturing Divisions 


Los Angeles 45, California • Phoenix, Arizona 

Systems and Components for: aircraft, missile, spacecraft, electronic, nuclear and industrial applications 



Suppressor Cuts jet Runup Noise 


Portable jet ruiiiip noise suppression 
system consisting of noise control units 
for jet engine intake and exhaust which 
will reduce noise levels 10 to 25 decibels 
at distances of 250 ft. are now available 
from General Acoustics Corp., Los An- 
geles. for domestic or foreign airfields. 

The intake unit of the system con- 
sists of a structure of highly absorptive 
steel sound panels mounted on a 
wheeled undercarriage. N'o tie-down is 
rc<|uircd for full-power runup. The 
intake suppressor enclosure also elimi- 
nates the hazard of personnel being 
drawn into the engine intake opening. 


The exhaust unit is adjustable to 
accommodate various aircraft engine 
nacelles or different heights. Iligli- 
temperature steel augmen tor-diffuser 
elements are included in the unit, which 
efficiently reduces noise levels 20 to 25 
db. at 250 ft. without creating back 
pressure on the exhaust flow. A tum- 
ing-vane elbow and vertical stack deflect 
exhaust gases skyward, protecting runup 
surface areas as well as ramp person- 
nel and vehicles. 

Positioning of the exhaust suppres- 
sor is accomplished with a forward tow- 
ing arrangement. Either jet engine 


mounts or ramp fittings can be used for 
tie-down. 

The company also is studying projects 
involving high-intensitv noise produced 
during missile and space vehicle launch- 
ings from surface and silo-type facilities. 
Sound and thermal surveys indicate 
that many potential malfunctions are 
produced during launchings. Structural 
failures from sonic fatigue and the 
effects of high-intensitv noise levels in 
missile and space programs are being 
studied by General Acoustics. 

Knowledge gained from noise surveys 
and field testing is being applied by 
the company to future systems for 
ducted fan engines and other power- 



USAF F-105s Fly Florida-California Under Automatic Control 

Two USAF-Republic F-105 fighter-bombers arc shown making remote-controlled flights from Florida to California, with the pilots 
handling the controls only during takeoff and landing. The F-105s completed each of two 1.600-mi. legs in 51 hr. 
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Electronic module being inse 


UNIVERSITY-INDUSTRY COOPERATION The Bendix Systems Division 
is developing electronic equipment that resists damage from nuclear radia- 
tion. This program is being carried out with the aid of experiments conducted 
in the nuclear reactor of our next-door neighbor, The University of Michigan. 
Bendix staff members also participate in the University’s teaching program, 
while faculty members play important roles in Bendix projects. In addition, 
nearly one out of every three Bendix engineers is taking advanced work at the 
University. This university-industry cooperation offers new kinds of career 
opportunities for better engineers and scientists at Ann Arbor. 


BENDIX SYSTEMS DIVISION 

ANN ARBOR. MICHIGAN 



BS 75 Turbofan Testing Program Detailed 



TAKEOFF noise of a BAC 107 powered by two BS 75 ducted fan engines is shown above. 



By John Tunstall 

London— Bristol-Siddeley plans to be- 
gin bench-testing its BS 7? turbofan 
engine in January. 1962, and to offer 
the 7,550-lb.-thrust powerplant for in- 
stallation 12 months later, a timetable 
that keeps development of the engine 
well ahead of development of the two 
airframes it has been selected to power. 

When the turbofan is installed on 
the BAC P. 107 (AW Julv 18. p. -11) 
and Avro 771 (AW Sept. 5, p. 45) 
medium-range transports, it will in- 
corporate an annular vaporizing combus- 
tion system instead of the original can- 
nular design. Tire change resulted from 
operational comparisons of the Olym- 
pus and Sapphire turbojets-both rela- 
tively high-pressure engines. 

In outlining new details of its BS 75 
design and test program for Aviation 
Week, Bristol-Siddeley reported that 
basic type-testing of the engine should 
take place about December. 1965. Full 
certification should follow in early 1964, 
far in advance of the deadline set by 
the two airframe manufacturers. 
Overhaul Costs 

Bristol is offering to guarantee max- 
imum overhaul costs for the first two 
years of operation. The guarantee in- 
cludes cost of premature parts replace- 
ment and modifications and covers cost 
of overhaul manhours in excess of 700. 

Guaranteed minimum lives even for 
the hot parts is to be 2.000 hr. For all 
other major components it is to be 
4.000 hr. 

Bristol says this is the first time such 
comprehensive overhaul guarantees 
have been offered by the company on 
an engine entering civil service without 
any military application or government 
aid. 

This commercial policy is believed to 
be in line with proposals for the only 
other radically new engine similarly 
guaranteed— the Rolls-Royce RB 141. 

Access to the Sapphire annular com- 



bustion data has proved one of the im- 
mediate benefits of the merger between 
the former Armstrong Siddelcv Engine 
Co., makers of the Sapphire, and Bris- 
tol Aero Engines, Ltd. Virtually all 
British turbojets other than those from 
Armstrong Siddclcy used the camlular 

Orderly Flow Pattern 

Main advantage Bristol Siddelcv sees 
in the annular geometry stems from the 
more orderly flow pattern through the 
system which prolongs its life. A num- 
ber of premature cannular failures in 
two important British turbojets indi- 
cates that the annular system is specially 
beneficial on engines with high com- 
pression ratios. 

Bristol Siddclcy emphasizes that al- 
though it will enjoy the superior char- 
acteristics of an engine designed to ex- 
ploit the turbofan configuration, it will 
be able to utilize extensively, and with- 
out much scaling, the major rotor and 
compressor elements proven in existing 
gas turbines. 

In respect of size, number of stages, 
stress and temperature parameters, the 
turbines of the BS 75 are basically 


ie is illustrated above. 

similar to the Proteus 705 turboprop. 
The same manufacturing and quality 
control techniques will be utilized. 
Turbine blades and stators will be of 
vacuum-cast cobalt alloy, a specification 
introduced advantageous! v in the later 
marks of Proteus engine.' 

Main difference between the turbines 
arises mainly because of the higher pres- 
sure ratio used in the BS 75. Conse- 
quently its first stages have a smaller 
blade height than the Proteus stages 
and the last stages a greater blade height 
giving the BS 75 annulus a higher flair 
angle. 

As blade stress depends on the speed 
(rpm.) squared multiplied by the area 
of the annulus and blade taper, optimi- 
zation of blade taper has enabled the 
selection of rpm. and annulus area to 
maintain stresses at Proteus levels. 

Fan Stages 

The fan stages are aerodynamically 
similar to the first three compressor 
stages of the Olympus Mk.201 al- 
though scaled down in recognition of 
the lower air mass flow of the BS 75 
which is 20% less than the Olympus. 

The compressor of the BS 75 retains 
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*DIMAZIN£ 

(unsym-Dimethylhydrazine, UDMH) 

storable high-energy fuel 


assures virtually unlimited trouble-free storage 
in hermetically-sealed tankage! 


DIMAZINE® PROVIDES OUTSTANDING STABILITY AND STORABILITY . . 


• Excellent freezing point (below minus 70“F) 

• Wide liquid range, over most useful 


temperature regime (approx 220°F spread @ 



• Moderate vapor pressure (approx 6 psia @ 

• Outstanding thermal stability over wide 
temperature range 

• Insensitive to mechanical shock under ex- 
treme test conditions 


Exceptionally inert to catalytic decom- 
position by rust, dirt, organic matter and 
other contaminants 

Unusual freedom from sludge or gum 
formation, gas-pressure rise, and assay 

Non-corrosive to most metals including 
mild steel 

Excellent compatibility with appropriate 
sealing materials including fluorocarbon 
polymers, butyl elastomers, polyethylene 



PLUS THESE IMPORTANT OTHER ADVANTAGES - 

Outstanding all-round performance • Ease of handling • Simplified equipment design 
and conversion from other fuels • Extensive background of testing and operational 
experience • Rapidly expandable production to meet large-scale requirements 

Putting Ideas to Work 

FOOD MACHINERY AND CHEMICAL CORPORATION 

Chlor-Alkali Division 

161 E. 42nd STREET. NEW YORK 17 
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most features of the seven-stage com- 
pressor of the Orpheus turbojet. But in 
the interests of efficiency the stage load 
factor has been lowered and three ad- 
ditional stages added, making the com- 
pression ratio 7:1 as against the 5:1 of 
the Orpheus. 

Fundamentally useful in the develop- 
ment of the BS 75 concept has been 
the Olympus program started in 1950 
using high rpm., high mass flows, low 
cycle temperatures and jet velocities and 
culminating in the addition of the zero 
stage of the Olympus which increased 
the static rating by 20%. 

Out of the BS 5s turbofan program 
which began bench test 12 months ago 
and made its first flight in November 
(AW Dec. 5, p. 551 has conic confirma- 
tion of the mechanical arrangement and 
handling of large mass flows in a ducted 
fan without gearing the fan rotor. With- 
out the need to minimize the gyro- 
scopic couples from the rotor system, 
Bristol Siddclcy has avoided the use of 
an intermediate shaft bearing as used in 
the contrarotating fan and compressor 
shafts in the BS 55. The fan and com- 
pressor shafts in the BS 55 are entirely 
independent. 

The BS 75 has the high fan ratio 
of 1.75:1. The pressure ratio across the 
three fan stages is 1.85:1 and the fan 
mounted in front of the compressor 
supercharges it so that the over-all pres- 
sure ratio is 12.95:1. The engine mass 
flow is 195 lb. per second. The fan and 
compressor rotors are each driven by 
two-stage turbines, the maximum shaft 
speed being 14.500 rpm. 

Terms of the Bristol Siddelev guaran- 


tees on overhaul vary with the arrange- 
ments adopted. With operator over- 
haul, the company will guarantee a 
stated figure as the maximum cost per 


hour of engine parts replaced at over- 
haul, scrapped in line maintenance, and 
the cost of any mandators’ modification 
associated with safety. The cost-per- 
hour figure will be based on the total 
hours run by all engines in the opera- 
tor’s fleet. 

Alternatively the company offers a 
comprehensive overhaul service avail- 
able either at its factory or overseas 
bases. The guarantee then takes the 
form of an agreed charge for aircraft 
hours flown by all engines in the oper- 
ator’s fleet. In this case the guarantee 
applies to all engine parts and acccs- 

Bristol Siddeley will also offer an 
overhaul-exchange service. 

When the initial two-vear service ex- 
pires. the company will introduce a sub- 
stitute form of service in which, should 
parts become defective prematurely, 
credits will be issued against the cost of 
replacement. 

These credits will be based on mini- 
mum warranted lives for components 
assigned on the basis of Proteus data, 
the Proteus being one of the first en- 
gines to reach 2,000 hr. between over- 
haul. Current component lives for the 
entire Proteus compressor rotor system, 
turbine disks, last two stages of blades 
and stators, main cases and accessory 
drives is 7,000 hr. and for the main 
bearings and the hot parts— the first 
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From the equation (x 4- I) (x 2 + 1 ) (x a + 1 ) = 30x“, find the real 
values of x by means of a quadratic only. -Ladies' Diary, 1764 


The lowly terminal in a printed circuit gets the prime attention it 
deserves from our U. S. Engineering Co. division. They have designed 
one with a funnel-shaped base that can be swaged and soldered with- 
out stressing the circuit right up off the board. A USECO Distributor 

answer to last week's problem : Let the length equal 1 5" equal b, 
the first velocity along b per minute equal c, a 4- b be the length for 
the first velocity to be infinite, and let x equal the decrease of b 
in t minutes. Then the velocity equals c — a-/(a + x) - and t equals 
x(a 4- x)'-/ca-. Further computations will yield the desired answer 
t = 26.43 minutes. 

□ LITTON INDUSTRIES 
Beverly Hills, California 
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Saving precious time for airlines- 

HOW ESSO DOES IT! 


All airlines see record expenditures in the jet age. time to the minimum by supplying the fuels, 
Turn-around time is a major factor . . . extra min- lubricants and service that will assure airlines 
utes on tlie ground may mean lost revenue for bigger dividends from their investment in jet age 
airlines. Esso is helping to cut this costly ground equipment. 
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two blade and stator stages and the 
flame tubes— the life is 4,000 hr. In no 
case has an ultimate life yet been cstab- 

Bristol Siddelcy proposes to start the 
BS 75 with 2,000 hr. warranted mini- 
mum lives for the main bearings and 
hot parts, and 4,000 hr. for all other 
major components. The company ex- 
pects to eventually treble this rating. 

The companv aims to start the engine 
at 500 hr. overhaul by 1965. The 2.000 
hr. overhaul rating is anticipated after 
only a quarter of a million flight engine 
hours as against the 300,000 hr. logged 
by the Proteus. 

Engine Costs 

The line maintenance costs for the 
engine have been estimated at not more 
than five man minutes per engine hour 
and material costs of 28 cents per fleet 
engine hour. 

The rig program which has been in 
progress since June will involve separate 
testing of the compressor, fan turbine, 
turbine, combustion system and full- 
scale thrust reverser on individual rigs. 
The program will also include use of a 
water analogy rig and a compressor 
entry and bypass air flow model. 

Using temperatures no higher than 
those used in the Proteus but with the 
high fan (bypass) ratio of 1.75:1 Bristol 
Siddeley has managed to drop the fuel 
consumption to 0.76 lb. per lb. thrust 
per hour (tvpical cruise conditions of 
Mach 0.75 'cruise at 30.000 ft.) the 
static sea level consumption being as 
low as 0.508 lb. per lb. thrust per hour. 

Sea level static consumption figure 
for the engine is in fact only half that 
of the successful NATO single-spool 
turbojet Orpheus BOr.12 which has a 
comparable static thrust of 6,800 lb. 
This engine has specific weight of 6 
lb. thrust per pound compared with the 
BS 75 rating of 5-lb. thrust per pound 
and a frontal diameter of 32.4 in. com- 
pared with the 33.4 in. for the BS 75. 

BS Claims Supported 

These comparisons of a turbojet and 
an optimized turbofan tend to illus- 
trate the Bristol Siddelcy claim that the 
advantages of high-ratio turbofans do 
not entail a serious weight penalty, even 
when using modest over-all pressure 
ratios and conservative cycle tempera- 

Thcv also tend to show how small 
is the frontal area fan penalty. 

The specific characteristics of the en- 
gine could have been substantially fur- 
ther enhanced if higher values of these 
two parameters were used. But the 
temperature was chosen in the interests 
of long life and the fact that a short- 
haul aircraft spends a relatively long 
time at the takeoff rating. The same 
fuel consumptions of the BS 75 could 


LOW-COST 



Continental's broad experience in the gas turbine field is being 
utilized to the maximum in the T72-T-2 program, to provide 
advanced powerplants at the lowest cost per horsepower of 
any comparable American turbines. . . . Availability and com- 
plete qualification are geared to the Army’s L.O.A. program- 
ming requirements. This versatile 500 HP turboshaft engine 
and its turboprop companion (Model 217-6A) also feature 
"designed-in" growth potential for higher performance ratings 
. - with no sacrifice of low specific fuel 
: consumption (0.67) and engine 

weights of only 210 and 230 lbs. 

FOR respectively. ... A bright future is 

DESCRIPTIVE forecast for the T72 and other 217 

rump-tiki a u n series turbines, not only for military 

BULLtHN ANU but commercial applications as well. 
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Shipments of Civilian Aircraft, 



O-^thhekMo^nid d^'lMii^RgwMfoHndiridu 



of NASA— Series 1 cowl geometry and 
subsonic drag data for bodies of revolu- 
tion from Royal Aeronautical Society 
data sheets are claimed to demolish the 
adverse drag rise argument. Nacelle 

ratio turbofans is maintained at part 


noise of a one to one turbofan according 
to Bristol calculations, is about 10 PN 
decibels. Other engine details include 



HEAD IN 
THE (CLOUDS 


FEET ON 
THE GROUND 


down-to-earth cost orientation 
at Motorola begins with disciplined 
research applied to creative ideas 
and, progressively, pervades every 
stage of development, assembly, and 
final production. Ultimately it is 
reflected in lower field maintenance 
and support costs consistent with the 
desired level of reliable performance. 
This acute awareness of total cost 
versus initial cost, sharpened by more 
than thirty years of competitive 
experience and commercial success, is 
characteristic of Motorola’s complete 
military electronics capability 
in terms of systems, equipment, 
and Solid State components. 





. . . aviation’s standard 
transparent plastic 



Chemicals for Industry 

ROHM £- HAAS 

COMPANY 

WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


In Canada: Rohm & Haas Campauy of Canada. Ltd.. West 
Hill, Ontario. 

Plexiglas is a trademark, Reg. U.S. Pat. Off. and in principal 
countries in the Western Hemisphere. 


“WHERE THERE’S PROGRESS, THERE’S PLEXIGLAS” 
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Texas Aerospace Companies Urged 
To Form Bloc to Gain Contracts 


Dallas, Tex.— Aviation companies in 
the Dallas-Ft. Worth area should form 
a bloc for the purpose of developing and 
retaining a greater portion of aerospace 
business volume in this community, ac- 
cording to Ling-Temco Electronics 
President James J. Ling. 

The bloc should utilize the talent 
available locally in forming teams to bid 
on aerospace contracts, rather than seek 
alliances with firms outside the state. 
It should also attempt to retain a larger 
volume of subcontracting in the com- 
munity and it should increase its politi- 
cal efforts in an attempt to bring a 

f reater share of defense business to 
'exas. Ling stated. 

It appears, he told members of the 
Texas section of the Institute of the 
Aeronautical Sciences, that Texas cer- 
tainly has not gotten the aerospace 
business it could have gotten, in the 
past few years, and in the final analysis 
this seems to mean that some people 
in other parts of the U.S. have been 
using political pressure more effectively 
than the people of Texas. 

Ling stated that the future of the 
aerospace industry appeared “very 
cloudy" and that this atmosphere has 
caused investment bankers to consider 
that the industry is in a period of 
financial crisis. 

Pointing up the local situation, he 
noted that in the past two years the air- 
craft industry in the Dallas-Ft. Worth 
area has suffered heavily as a result of 
cutbacks due to transition from air- 
frame to space development and budget 

In 1958, employment at Chance 
Vought and Temco totaled about 24,- 
000. In 1960 it declined to 13,000. 


Morale has suffered because of les- 
sening of confidence in their companies’ 
futures. 

Stock option plans, which have been 
a useful tool in retaining key personnel, 
have lost much of their value because 
stocks have declined below the value 


originally set under the initial optional 
plan, he said. 

Ling stated that he thought that the 
local industries, acting as a bloc, could 
effectively’ halt the drain in business by 
doing a better job collectively of edu- 
cating their customers in the services 
and government of their capabilities 
than they can individually and that by 
providing them with a picture of the 
team capabilities of the area present a 
stronger case for obtaining more busi- 


Chance Vought-Tcmco defense back- 
logs were approximately $778 million 
in 1958 but these slid to about $275 
million in 1960 and sales of these com- 
panies have gone down from approxi- 
mately $452 million in 1958 to $260 
million in 1960. 


An important effect of these declines 
has been pressures on management by 
members of their boards allied with 
other industries to set the companies in 
new directions to offset these losses. In 
many cases management has to devote 
considerable effort that could have been 
expended in solving its problems to 
fighting off what it considered ill-ad- 
vised moves, Ling noted. 

Effect on key personnel has also been 
harmful, he added. 
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In early 1960, American craft pierced the North Pole in two elements. Fathoms below solid ice, the USS Sargo 
probed unerringly to "90 North”; miles above, a GAM-77 missile on a B-52 pinpointed the featureless goal. Both 
used Inertial Navigation systems by Autonetics— where today’s results pave the way for tomorrow's breakthroughs. 


Autonetics 


Electromechanical Systems by 


Division of North American Aviation 
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Senior Officers Cut 
From Flying Status 

Washington— Navy has put all its 
pilot-admirals on non-firing status and 
Air Force has excused 237 of its 312 
pilot-generals from meeting flight pro- 
ficiency requirements in moves designed 
to counter congressional displeasure 
with the number of senior officers on 
flight status. 

These moves also help the services 
to meet pilot quota cuts ordered by 
Congress. Senior Air Force officer 
affected is Chief of Staff Gen. Thomas 
D. White. Tire 237 officers in this 
category, all with more than 20 years 
as pilots and over -15 years old, will 
continue to draw flight pay. 

Navy interpreted congressional intent 
as calling for a cut in proficiency flying 
bv senior officers and put all 94 of its 
pilot-admirals on non-flving status be- 
tween January and June. Of 79S pilot 
captains, the Navy already has a sub- 
stantial number in the non-flying cate- 
gory, and by June 30. about 450 will 
have been excused from flying. 

Air Force wil have 118 generals re- 
maining on full proficiency flying status 
after June 30. By the beginning of 
Fiscal 1962, there will be 577 colonels 
excused from the requirement, while 
2,660 will remain in full flight status. 

Navy faces a pilot shortage with two 
additional aircraft carriers operating in 
the fleet in an alert ordered last summer 
in the face of the congressional cuts. 
Active duty requests arc being accepted 
from reserve ensigns, lieutenants (jg) 
and lieutenants. Ceiling imposed by 
Congress and apportioned by the De- 
partment of Defense will be reached by 
removing from flying status command- 
ers and lieutenant commanders who 
have been passed over for promotion 

Army, with only nine generals in 
6,500 pilots and with proportionately 
fewer colonels and lieutenant colonels 
than the other flying services, is in a 
quandary on how to make its cut. 

In a smaller way, the Coast Guard 
has a pilot shortage. Coast Guard offi- 
cials say they need 30 more pilots in this 
fiscal year to replace reserves who have 
retired. Pilots in the first two pay grades 
returning to inactive duty from other 
sendees are being offered regular com- 
missions in the Coast Guard, and sev- 
eral arc reported to have accepted. A 
requirement for about 20 pilots a year 
will exist for three or four years. 

Air Force is paring pilot lists in lower 
ranks by removing pilots from flight 
status who were selected by a general 
board which finished its work Nos 1 . 1. 
A list of 3,799 was prepared, and from 
this list cuts will be made to get under 
the ceiling set by the Department of 
Defense. 



You name the problem . . . and our engineers will 
deliver a "living metal” bellows assembly that answers it! 


Custom-designed and manufactured by the company 
that invented the seamless metal bellows, Robertshaw 
Sylphon® Bellows are available in a wide variety of metals, 
according to the properties desired . . . brass, phosphor 
bronze, beryllium copper, monel, A-286 stainless steel, 
inconel, inconel-X and now in Ni-Spari-C. 


Robertshaw Bellows Assemblies may be the answer to 
many of your problems . . . and we think you’ll find a world 
of information and suggestions in our comprehensive Cata- 
log RA-R. Why not write for it today? 



FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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How | Titanium j pressure bottles 
reduce missile weight 


Trend based on metal’s high performance, fabricability 
and immediate availability suggests retrofit applications 


The swing to light-weight, high-strength titanium metal 
for pressure bottles in the current generation of liquid- 
fueled missiles provides conclusive proof of the design 
advantages and reliability inherent in titanium construc- 
tion. (See box score) 

This state-of-the-art report, prepared by Titanium 
Metals Corporation of America, outlines performance, 
price and fabrication histories of the Ti-6A1-4V grade 
as attested to by those who know the metal best — the 
firms that realize its benefits most. 

Titanium’s performance history may thus chart a 
path to important weight reductions in space probes, 
as well as in orbital vehicles and manned missiles. 
Titanium pressure bottles are now solving weight and 
reliability problems in complex pressurization, restart, 
actuation and stabilization devices. 

Suggested also by this trend are a number of retrofit 
applications of titanium pressure bottles in aircraft . . . 


cockpit pressurization, ejection, and other pneumatically 
controlled and actuated systems. 

HIGH STRENGTH-TO-WEIGHT RATIO The metal's most 
important attribute can be summed up in a few words 
...titanium is 44% lighter than steel at the same 
strength. In addition it has . . . 

RELIABILITY AT CRYOGENIC TEMPERATURES Unlike 
many metals, titanium retains good mechanical prop- 
erties as the temperature drops. Titanium pressure 
bottles have shown high strength, ductility, impact 
resistance and low notch sensitivity at temperatures 
below minus 300F and working pressures up 9,000 psig. 
There is no evidence of a single failure in service. 
MECHANICAL PROPERTIES According to Mr. Abe Hur- 
lich. Supervisor, Materials Research Group, Convair- 
Astronautics Div., General Dynamics Corp., Ti-6A1-4V 
vessels display the following mechanical properties (note 
especially retention of ductility) : 


BOX SCORE ON TITANIUM PRESSURE BOTTLES 


60 pounds saved in Ablestar First successful rocket 

pressure bottles to hold helium at 4.350 psig for the pres- 
sure feed system. According to Aerojet Spacecraft Division, 
Aerojet General Corporation, designers and builders of 
Ablestar, the titanium (Ti-6A1-4V) pressure bottles saved 
a total of 60 pounds over steel. 

Titan losing ISO pounds Martin Company reports that 
it is in the process of switching from aluminum to titanium 
(Ti-6A1-4V) bottles and is saving 150 pounds in each 
missile! Four spherical bottles, containing helium, furnish 
pressure for fuel and LOX systems. Two arc used in each 
stage and are contained inside the LOX tank. In addition 
to high ^ strcngth-to-weigM ratio and cryogenic properties, 

as a factor in the change. 

High performance dictates titanium in Agena Lock- 
heed Aircraft Corporation reports that titanium's high per- 
formance. as well as its light weight, was important in the 
choice of Ti-6AI-4V alloy for spherical helium pressure 
bottles used in Agena "A", satellite for the “Discoverer'* 


program. An average of 8 pounds per bottle were saved. 



325 pounds saved in X-15 Four Ti-6A MV titanium 

“manned missile," for a weight-savings of 325 pounds over 
the original Inconel X bottles. A 96” x 14” cylindrical bottle 
operating at -300F, pressure feeds LOX and ammonia to 
the engine through a reducing valve. Three spherical bottles 
pressure-feed hydrogen peroxide to the engine, pneumati- 
cally control propellant system valves, and purge the engine 


Pioneered on Atlas; saves 129 pounds per bottle 

reality on Convair-Astronautics' Atlas. The original stain- 
less steel sphere weighed 205 pounds. The Ti-6A 1 -4V titan- 
ium sphere, heat-treated to 160,000 psi, weighs 75 pounds! 

Actual burst pressures at -320F have been consistently at 
9,000 psig and higher. 


Mechanical pro 


Yield strength 
(0.2% offset) 
Tensile strength 

Reduction in area 
V-Notch Charpy 
impact energy" 


»: Ti-6A1-4V pressure vessels 
TEST TEMPERATURE 
70 F minus 320 F 


137.000 psi 

156.000 psi 
16% 
52% 


229.000 psi 

236.000 psi 

36% 


"Double width, half-thickness specimen with one-half 
the standard depth notch. 


CORROSION RESISTANCE Titanium's well-known resist- 
ance to corrosion is another reason for the metal's grow- 
ing history of reliability under extreme environmental 
conditions. 

FABRICABILITY— WHAT THE FABRICATORS SAY Most 
current pressure bottles are being made of Ti-6A1-4V, 
an alloy heat-treatable to 160,000 psi minimum (on a 
strength/ weight basis, this is equal to steel at 280,000 to 
300,000 psi). Construction usually consists of hemis- 
pherical forgings machined to precise contours, girth 
welded and heat treated. 

Here are reports from fabricators who helped de- 
velop the titanium pressure bottle. 


Airite Division of fhe Electrada Corporation, Los 

Angeles, California, says, "Titanium can be forged and 
machined as accurately as steel. We are easily obtaining 
surface finish of 100 microinches and holding contour 
and wall thickness to plus or minus 0.005 inches." 


Menasco Manufacturing, Burbank, California, reports, 
"We prefer to use it. Titanium is now as reliable as any 
other metal and has probably a lower rate of reject. 
After good fabrication procedures are established, old 
wive's tales are soon dispelled.” 


AVAILABILITY AND LOWERING COST The development 
phase for titanium pressure bottles is now over. Fabri- 
cators are producing them on a production line basis. 
The titanium industry can easily produce the Ti-6AI-4V 
grade required for the solid and liquid fueled programs 
in design or development, with capacity now in place. 


Lead-times are generally short, with TMCA warehous- 
ing large stocks of the alloy in Toronto, Ohio and Los 
Angeles for 24-hour shipment. 

Prices of the Ti-6A1-4V grade and fabrication costs 
have diminished steadily: Metal costs have declined 
62.4% since 1955; unit price of the titanium pres- 
sure vessels employed in the Atlas has dropped 30% 
since their first use; a rocket case fabricator recently 
quoted the steel-titanium price differential at 15%, 
with the titanium case weighing about 40% less than 
the steel version. 

With materials and fabrication costs amounting to 
only 13% of the total price of any missile system, 
designers are growing reluctant to concede quality in 
the actual vehicle. Titanium, accordingly, suggests 
serious consideration today. 

HOW TO USE TMCA INFORMATION RESOURCES If you 

are now fighting a weight bogey on an assembly that 
requires structural strength at temperatures between 
minus 320F to plus 1.000F, while retaining corrosion 

fabrication . . . missiles applications . . . competent fabri- 
cators ... a letter to TMCA's Technical Service Depart- 
ment would probably go a long way to solving your 
problems. Why not write today? 
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TITANIUM METALS 
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233 Broadway, New York 7, N. Y. 




Beech Packages Dealer Sales Facilities 


By Erwin J. Bulban 



Wichita, Kan.— Prospective business 
aircraft dealers can order a complete 
sales and service facility out of a catalog, 
utilize a ready-made finance plan to pay 
for it and in 60 to 90 days turn the 
key to open the business and start 
operations under a novel package 
program developed by Beech Aircraft 
Corp. Detailed package plan includes: 

• Buildings, complete with furnished 
offices, customer lounge, parts stock and 

• New Beech demonstrator, 

• Dealer's stock of spare parts, shop 
tools, stockroom fixtures and other 
necessary equipment. 

• A business plan developed by the 
factory for use as a guide in running 
and developing the new operation, in- 
cluding a five-year cost analysis. 

• Factory services in business manage- 
ment, financing, training of sales and 
service personnel, marketing analyses 
and other aids. 



Package Size 

The new dealer also has the choice of 
deciding what size package he wishes to 
take, depending upon the potential 
market in the area he plans to locate. 
He will be able to start his new business 
with a cash investment of either 
$50,000, $75,000 or $100,000. 

“Operation Turn Key” is based on 
the business aircraft manufacturer’s 
conviction that to achieve sales goals 
reflecting the industry’s growth pattern 
—which indicates a doubling of dollar 
volumes in the next five years— will re- 
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READY. . 


General Electric's 



COMPUTER 

COMPETENCE 

FROM 

UNDER-SEA 

THROUGH 

AEROSPACE 


Polaris... 

Skybolt... 

W2F-1 Airborne Early Warning... 

The effectiveness of these and 
other advanced deterrent systems 
depends upon data . . .quickly ac- 
quired, accurately processed, and 
reliably disseminated. 

LMED, an experienced producer of 
military airborne computers and data 
processing systems, is today not only 
active in a broad range of current 
projects but is also developing 
revolutionary techniques to further 
extend man's "comput-abilities” to 

Polaris Submarine Fire Control Computers 
Polaris Missile Guidance Computer 
Skybolt Missile Guidance Computer 
W2F-1 Computer-Detector 
Toss Bomb Computer for F-105 
Sidewinder Missile Launch Computers 
for F-104 and F-105 

GEVIC (G-E Variable Increment Computer) 

CVIC (Conditional Variable Increment 
Computer) Model CVI-27 
Thermo-plastic Wide Band Memories. 
Radiation-Tolerant TIMMS 
Whatever your computer needs . . . 
call on... count on... 


T^ogms /s Our Most /mgortont T^hutuct 

GENERAL ELECTRIC 

LIGHT MILITARY ELECTRONICS DEPARTMENT 


Contact: Product Information 





Cessna Designing Tandem Twin High Wing Aircraft 

Aviation Week artist’s conception depicts Cessna Aircraft Co.’s light twin four-place high-wing aircraft, scheduled to be available 
in niid-1962 (AW Nov. 14. p. 32). This conception is believed to represent an early stage in the design. It is expected that the actual 
prototype, scheduled to fly in January, will show some revisions in detail as a result of continuing engineering study. One engine is 
mounted in nose and tire other in the tear of the fuselage. The twin tail is supported on booms aft of the wing trailing edges. 


quire that it encourage a rapid, almost 
explosive, development of sales and 
sendee facilities. 

To meet increasing competition from 
other manufacturers and to accommo- 
date its own market penetration 
programs. Beech sees the need for in- 
creasing its present dealer organization 
by some 200 new representatives in 
tire next three years. This is the way to 
bring the dealers closer than they now 
are to the customer, and to hit the 
competition harder by placing facilities 
at many locations where now either 
Cessna and/or Piper are having free 
rein. It also places representation at 
some locations where no competition 
now operates but where market analysis 
indicates a definite potential exists. 

Vice president-marketing Wyman 
Henry told Aviation Week there is a 
“gold-mine” in service business waiting 
to be tapped by the company, because 
there arc places where a good volume of 
service to Beech owners is being 
handled by an “outside" operator who 
doesn’t even have a stake in a franchise 
in the company. “This situation is 
going to change and some of these 
fellows are going to have competition 
before Santa Claus comes around 
again,” the Beech executive said. 

Turn Key was developed by Beech 
in cooperation with several major steel 
companies on design, fabrication and 
financing of the facilities with the 
goal of reducing the decision-making 
processes a new dealer would have to 
handle in getting started, freeing him 
of the necessity for getting involved in 
building and furnishing details. 

Actually, the program is providing 


considerable savings to dealers because 
of the factory's participation and the 
fact that such a program provides a 
potential of considerable business, based 
on standardized construction, to the 
steel companies. Indications arc that 
final prices came down some 30% over 
original considerations as the parties 
involved worked out the most feasible 
and economical designs. 

Two Companies Selected 

Two steel companies apparently have 
been selected from the half-dozen or 
so that entered bids on the facilities. 
Armco Steel will handle the low and 
high-cost programs and Stran Steel Co. 
will provide the buildings in the 
medium cost range, plus the T-hangars 
that go with all of the programs. 

Briefly, the packages comprise: 

• “A" facility, requiring a dealer invest- 
ment of S 50,000. This provides a 
clear-span 100-ft. x 60-ft. building with 
60-ft. door and space for 1,000 sq. ft. of 
office, customer lounge, rest room, parts 
and accessory show room. Hangar is 
capable of housing two Travel Airs, two 
Bonanzas and two Debonairs. Erected 
cost on the dealer’s lot or leased land 
will be S2S.160 and this can be 
financed with the steel company with 
20% down over five years. 

If expansion becomes desirable, a 
40-ft. extension can be added onto the 
“A” facility, providing a 100-ft. x 100-ft. 
building with 1,600 sq. ft. of office 
space. Building then will be able to 
hangar one Queen Air, two Twin- 
Bonanzas, two Travel Airs, three 
Bonanzas and three Debonairs. Price 
of the addition to the basic structure is 


approximately 520,000 with the same 
down payment and time payment 
features. 

• “B" facility', requiring a dealer invest- 
ment of 575,000. This encompasses 
an 80-ft. x 100-ft. clear-span building 
with 1,600 sq. ft. of office space and 
capable of handling one Super 18, four 
Bonanzas and four Debonairs. This 
facility will cost 541,648 erected on the 
dealer’s lot or leased ground and can be 
financed with the steel company for five 
years with a 25% down payment. 

• “C” facility, requiring a dealer invest- 
ment of 5100,000, provides a 100-ft. x 
120-ft. clcar-span building with 2,400 
sq. ft. of office space. It can accommo- 
date one Super 18. one Queen Air, one 
Twin-Bonanza, two Travel Airs, five 
Bonanzas and five Debonairs. Erected 
cost will be S5S,500 with steel com- 
panies taking 25% down payment and 
collecting the remainder over five years. 

In addition. Beech and the steel 
companies have developed two types of 
T-hangar facilities: 

• "E” facility, a 10-unit structure for 
aircraft of the Beech Model 55 Baron 
light-twin category or smaller, having 
an erected cost of 532,221 with financ- 
ing of 10% down and the balance over 

• “F” facility', a 10-unit structure for 
aircraft of Super 18 or Queen Air size 
or smaller, which will cost 585,918 
erected and financed with a 20% down 
payment. 

Buildings arc colored metal, with 
white roofs and light blue walls. The 
main facilities arc constructed with 
brick-stone and glass trim. Color scheme 
is part of Beech program to develop 
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definite company identification at all 
airports where its facilities are located. 
On roofs of new facilities and on pres- 
ent stations, it is promoting painting 
of a pattern of orangc-rcd, white and 
blue stripes to make the Beech dealer 
facility readily visible from the air. 

Prices given for these facilities are 
based on those estimated on labor costs 
and materials handling to a location in 
Topeka, Kan., and will naturally vary 
some depending upon loral conditions. 
Beech points out. For example, it is 
estimated that these facilities erected in 
the New York area may cost about 19% 
higher than the par figure for the same 
installation in Topeka; in San Antonio, 
Tex., it is believed that the cost may 
be approximately 6% lower than par. 

Prices also include installation of 
lighting and heating facilities. 

To complete the above packages, 
which only comprise the buildings and 
necessary utilities, the dealer can order 
from catalogs, office equipment and 
furniture, stockroom and display fix- 
tures and all standard and specialized 
shop tools and equipment needed to 
give him a completely ready-to-go plant. 
Beech estimates that the “A” facility 
dealer can completely furnish the basic 
package at a cost of approximately 
54,100, of which 52,100 can be fi- 
nanced through supply houses handling 
this equipment; the remainder, compris- 
ing specialized Beech tools would be 
purchased from the factory. 

If the “A” facility dealer also gets 
the 40-ft. addition to his plant, his 
investment to completely furnish that 
layout would cost about 54,500 of which 
approximately 52,400 can be financed 
through supply houses. “B” facility will 
require an additional investment of 
54,500. of which 52,400 can be fi- 
nanced; “C” facility will cost approxi- 
mately 57,500 to furnish completely 
of which about 53,800 can be financed 
through the various supply houses in 
these lines. National supply houses 
handling furniture, fixture and standard 
tools and equipment will furnish these 
items for a down payment of 10% and 
take the balance over 10 to 20 months. 
Beech notes. 

The manufacturer provides significant 
business management backup to sup- 
port the new dealer to ensure that he 
doesn’t make costly mistakes. In prepa- 
ration now is a detailed business prac- 
tices manual, compiled as a result of a 
survey of 20 Beech dealers. If the dealer 
follows this book, Beech says, he is vir- 
tually assured of developing a success- 
ful business, and so detailed is the 
plan that he should know the goals and 
how close he is to meeting them. 
Spelled out are accounting practices, 
spare parts requirement and how this 
business should grow, income available 
from fuel sales— just about every facet 
of the operation. Constant factory mar- 


ket Surveys will keep him informed of 
all potential business in the area, both 
aircraft and service. Several factory pro- 
grams have been developed for dealers 
and their sales and service personnel. 
Company announced at its distributor- 
dealer meeting (AW Dec. 5, p. 109) 
that it will pay transportation and per 
diem expenses plus 5100 weekly salary 
costs for any dealer that sends his per- 
sonnel to the factory schools, provided 
that they have been full-time aircraft 
salesmen and associated with the dealer 
at least 90 days. 

Of course the dealer is not com- 
pletely free in selecting his spot-like 
any chain, the company will survey the 
area to see if the potential warrants 
putting a dealer in to serve it. 

Company’s dealer scouting program 
includes getting potential candidates 
from current distributors, contacting 
local chambers of commerce, contacting 
good salesmen in other industries ana 
screening applicants who query the fac- 

The Beech new dealer plan not only 
will considerably increase available air- 
port sales and sendee facilities, but it 
should go a long way to alleviating seri- 
ous problems in storage and service of 
the rapidly growing business fleet, and 
do this without government subsidy. 
Expanded Market 

Basically it will provide a greatly ex- 
panded market for the company’s prod- 
ucts— 200 additional dealers would re- 
quire at least 200 demonstrator airplanes 
more than are being produced today 
and their being active in new locations 
certainly should spur Beech sales be- 
yond what is now being done. 

It also will widen the avenue of in- 
creased spare parts and accessories busi- 
ness, an area the company is interested 
in expanding rapidly. It is for this 
reason that so much effort was expended 
at the recent distributor-dealer meeting 
on urging dealers to put greater effort 
on this business and they were told that 
they should increase customer exposure 
to parts and accessories, by “faking the 
mystery out of them” and bringing 
them out of the stockrooms and into a 
show-room area in the office space, dis- 
play them attractively and promote 
them more. Increased attention to 
spares and accessories sales business last 
year resulted in an increase of sales in 
this area to around 55 million in the 
year past and the company is shooting 
for a target of 511.5 million in this 
segment of business in 1961. 

Indications are that Beech is studying 
possibilities of having merchandise built 
for it with its brand name and mer- 
chandising this material as part of its 
over-all business. Build-up of its dealer 
representation would provide a greatly 
expanded promotion effort to increase 
this business. 
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SPECIALISTS IN THE 3 C's OF 


ELECTRONICS 

CONNECTORS 


CABLES 

C omplete versatility of design plus 
extra reliability characterize 
Bendix® Cable Assemblies. Types 
include encapsulated or braided 
missile control cable, thermo- 
couple harness, fuel cell, ground 
cabling, high temperature, and 
flat conductor cable. 


CAPACITORS 

Count on Bendix High Tempera- 
ture Capacitors for premium 
performance on missile and 
high-speed aircraft applications. 
Proved operation from — 55°C. to 
+400°C. with no voltage derating 
and low capacitance variation. 


C an you use the finest electrical 
connectors in the business? Then 
try ours. Wide range of sizes and 
types available, including Pygmy' 
Miniature, Rack and Panel, QWL, 
and MS-R, and connectors for 
special applications. 


Scintilla Division 
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British Accident Investigation Report — Part II: 


Slush Drag Led to Elizabethan Crash 


report to the 


Following is Part 11 ( 

British Minister of Transport on a review of 
a UFA Elizabethan accident at Munich, 
Ccnnanv. Part I was published bv Avia- 
tion Week Nov. 28 (p. 103). 

We now turn to the deductions from the 
aforementioned facts, all of which were de- 
bated before ns. It is an important prelim- 
inary to this matter to recall that a snowflake 
falling in a temperature below freezing point 
is "dry;" it is pure ice and contains no water; 
but that if it falls into an ambient tempera- 
ture above freezing point its minute strands 
of crystalline ice begin to melt so that the 
snowflake then contains water and is "wet." 
Likewise if it falls oil to an object itself 
above freezing point it commences to melt. 
If a dry snowflake falLs on an object itself 
below zero it does not adhere to the object, 
but if a wet snowflake falls on such an ob- 
ject its free water refree/cs and causes it to 
adhere to the object. The binding element 
in wing icing is freezing water. Now the air 
temperature at Munich airport fell steadily 
from the — 0.2C recorded 4 min. before 
the last run to the — 3.0C recorded at the 
time when the inspection commenced. 

Unless, therefore, there was an abnormal 
variation between the temperature at the 
airport screen and that at the point where 
the wings came to rest, perhaps 1.500 yards 
distant, the snow falling at all times between 
the accident and the investigation must have 
been dry. Such snow falling on an aircraft 
wing coated with ice and ex hypothesi below 
would not adhere to the ice because 


then 


a free v 


'o together by freezing. The find- 
ing. therefore, of a layer of ice outboard of 
the engines covered with powdery snow 
which had not blended with the ice is con- 
sistent with that part of the wing being ice- 
covered at the time of the crash. Is it also 
consistent with its being free from ice at 
that time? If the wing were then clean, the 
ice can only hare been formed by the melt- 
ing of the snow that fell thereafter, and its 
refreezing as the temperature dropped. 

There are two objections to this hypo- 
thesis. Firstly there is the question whether 
the wing temperature was at that time high 
enough to melt the falling snow, (which 
was only "slight snowfall" until 1S30 hr.), 
bearing in mind not only the recorded tem- 
peratures but also the fact that the physical 
change from solid ice to liquid water or vice 
versa involves a heat transfer of 80 calories 
per gram (cu.cm.) of water. If snow is 
melted by falling on a wing of a temperature 


above zi 


o. the 


a the < ., 

s taking place during the time in 
The second objection is that, ac- 
> the evidence, the melting and 
freezing process would not produce two 
isparatc layers, one of clear ice and one 




ould p 


duce a blending between the upper ice and 
the lower snow, or as Or. Penman put it. 
"some degree of adhesion" between the two. 
That witness said "as it is described to me 
now" (sc. marked lack of cohesion between 
ice layer and superimposed snow) there is 
obviously a discontinuity in the physical sys- 
tem and one feels there must be discon- 
tinuity in the history of the formation." 

As to the first objection, vve were not in- 
vited to consider the point, dealt with in 
the German report, that the fires which 
broke out in parts of the wreckage raised 
the temperature cither of the air or of the 
wing surface sufficiently to melt falling snow. 
Instead it was suggested to us, as it had 
been to the German Commission when the 
reopening of their inquiry Was sought, that 
the use of fire extinguishing powder on the 
w ing surfaces had the effect of lowering the 
freezing point of water. The powder, ac- 
cording to this submission, would lie more 
heavily in the area behind the engines and 
the difference in quantity, and in consequent 
effect on the freezing point, accounted for 
the difference m the conditions found be- 
hind the engines and elsewhere on the 

Supporting Contention 

In support of this contention, Mrs. Thain 
gave evidence of experiments with a sample 
of the fire extinguishing powder used at 
Munich airport. The powder contained 
sodium bicarbonate and although it also 
contained a water repellent to prevent cak- 

3 . she found that it went readily into 
ition in water, even when merely dusted 
on to a water surface, and that the freezing 

S ts of different concentrations of solu- 
were as follows: 

Solution: 

1 in 1 ,000. freezing point -0.4 deg. 


In addition, Mrs. Thain thought that the 
ice produced by the subsequent refreezing 
would be thicker than that produced by the 
freezing of rainwater. Her reason was that 
different constituents in the powder would 
crvstallize out of solution at different points, 
providing. as the temperature dropped, a 
combination of solid and liquid matter 
which would lie more viscous than the slush 
of water in the process of freezing and would 
stand on a slightly sloping wing to a greater 
depth than would water, However she had 
made no comparative tests of the viscosity' 
of the solution while in process of freezing 
compared with that of water at the like 
stage. Of vvliat may have happened, she said 
"I visualise that this snow could be inter- 
mittent or not heavy continuous snow, and 
that the snowflakes would fall, and where 
they C3tne in contact with the powder they 
would melt. I do not think they would 
melt sufficiently quicklv to enable the snow 
" • arable the 


the aircraft, a 


is the tt 


re fell y< 


would reach a point (because you do not 
need a very high concentration to lower the 
freezing point) and somewhere between 

0 deg. and —1 deg. the majority of the ice 
would form and the thickness would depend 
on how much snow you actually trapped in 

specific on exactly how much snow would 
fall on how much fire extinguisher powder." 

When it was suggested that her evidence 

beneath the dry snow behind the engines, 
she said "As I read the report. I visualised 
that Capt. Reichel brushed it away from 
the engine and found there was no ice. and 

1 think one could mistake snow on top of a 
thick body of slush as complete snow, and 
that if one did that one would automatically 
dismiss the lot as snow, whereas in fact it 
could have been possibly slush in contact 
with the engine which lie brushed off." In 
this connection Mr. Jones had suggested that 
the area behind the engines must have been 
hot at the time of the crash, so that snow 
alighting there would melt, that the finding 
of snow lying here at 2200 hr. showed that 
it had in the intervening time passed below 
freezing point, and that at the moment of 
freezing the melted snow lying on it must 
have turned to ice. I le could not understand 
why there was not at least a film of ice be- 
hind the engines under the snow. 

Capt. Thain said that the fire extinguish- 
ing powder was projected from a portable 


sn* 


s, The af 


is delivered a 


which was burning, but Capt. Thain 


wing had reignited: "I stood 
the fireman put out the fire fo. ... 
time . . . there is no doubt that lie 
starboard engine 


the se 


'c the 


hold the nozzle six to 10 ft. from 
the starboard engine, round which he con- 
centrated. 1 le did not see the fireman apply- 
ing powder to any other part of the star- 
hoard side, nor sprinkling the starboard wing 

\Vc accept Mrs. Thain's evidence as to 
the lowering of the freezing point of a solu- 
tion containing the powder, and if there 
had been any evidence of a distribution of 
powder over the whole of both wings, this 
factor would explain some melting and re- 
freezing despite the prevailing temperature. 
Hut in our view it docs not explain the 
discontinuity between the rough ice and the 
superimposed snow, nor does it explain the 
absence of ice behind the engines. The last- 
named finding is a puzzling feature on any 
view of the matter. If any substantial part 
of the wing was heated by the engines, 
either this must have cooled very rapidly at 
a time when no snow was falling, or there 
was inaccurate or insufficient observation. 
It is here that we encounter a difficulty 
inherent in the nature of our inquiry'. Our 
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function is to consider Capt, Thain's repre- 
sentations and the German report. As al- 
ready mentioned, Capt. Thain's representa- 
tives furnished us with a great deal of the 
material which was before the German 
Commission, but they were not of course 
in a position to call Capt. Reichel or his 
assistants, whose evidence is the foundation 
of this part of the case. This evidence was 
accepted by the German Commission, of 
which Capt. Reichel was a member, and it 
would be improper for us to speculate as to 
whether, for example, the number of spot 
checks taken was sufficient or whether the 
investigators had mistaken dense slush for 

We feel at liberty to criticise the reason- 
ing of deductions set out in the German 
report, where such criticism is relevant, but 
it is out of the question to criticise evidence 
of witnesses we have not seen or to speculate 
on what answers they would have given to 
questions on details of their observations. 
These considerations lead us to say that we 
have insufficient information to enable us 
to decide whether or not, by reason of the 
prevailing temperatures, the ice found at 
2200 hr. could not have formed after the 
accident. 

ft was further submitted to us that 5 mm. 
must in any event be an overestimate since 
the snow equivalent of a maximum depth 
of only 2 mm. of water had fallen during 
the aircraft’s stay at Munich and if the 
whole of this froze on the wing it could 
produce an ice layer only fractionally deeper 
than 2 mm. Furthermore some of the pre- 
cipitation had been seen running off the 
wing by witnesses. This is in our view a 
convincing point: we discuss below how far 
pre-takeoff conditions can have permitted 
ice formation, and we think it true to say 
that if the post-accident ice was 5 mm. thick 
it could not have been formed from pre- 
accident precipitation, and that if it was 
formed from pre-accident precipitation it 
could not have been 5 mm. thick. 

Spray Effect 

It emerged during the evidence that dur- 
ing its last run the Elizabethan threw up 
clouds of spray. Mr. Black said "the aircraft 
went along the runway as if it were a snovv- 
plough" and later said 'it just looked as 
though a flying-boat was taking off.” He 
added that the unusually low fuselage of 
this type of aircraft seemed to be deflecting 
the spray. If this happened during the last 
run it would appear that it must nave hap- 
pened on the first two runs. Now, as we 
shall sec, what was lying on the runway was 
melting snow, slush, or water, and if any of 
this spray landed on the wings and if those 
wings were at the appropriate temperature 
the wet spray would freeze and adhere. 
This point docs not seem to have emerged 
until our inquiry, and there are no experi- 
mental or other data to show the trajectory 
of spray thrown up by the wheels at the 
relevant speeds, but it seems not impossible 
that it should reach the wings, except per- 
haps in the propeller slipstream since the 
blades might intercept and scatter it. In 
considering the origin of the ice found at 
2200 hr. therefore, there is a possible source 
other than natural precipitation which in 
our view merits investigation. It was not 
investigated before us because Capt. Thain 
through his counsel did not wish to make a 
point of it. 


Having assembled the facts and support- 
ing evidence, we have to see whether they 
lead, as was submitted, to the conclusion 
that at the time of the last attempted takeoff 
the wings were free of ice. We see no rea- 
son to doubt the eye-witnesses who saw 
melted snow running off the wings at or 
shortly after the time of refuelling. This 
points to the wings at that time being ap- 
preciably above zero centigrade. The last 
person to note this was Capt. Thain and 
no one speaks of this happening after he had 
embarked, a fact consistent with our view 
that the wings were theu at about zero. The 
time of Capt. Thain's observation is not 
known but assuming it to be 1 500 hr., there 
elapsed an hour between it and the final 
run, during which 20 min. was spent in 
taxiing, holding, making two abortive runs, 
and returning. During that hour the wings 
could have Men at any temperatures be- 
tween say +0.5C and — 0.5C according to 
what local variation from screen temperature 
existed. It is impossible to assert that they 
must have been thawing or must have been 
freezing at this time. In one of the docu- 
ments before us, Mr. Jones, starting with 
the assumption that the wing had cooled 
from +10C on arrival to zero in 50 min. 
or less, proceeded as follows: "If the ambient 
temperature is 0C and the relative humidity 
very high (i.c. wet bulb temperature also 
very close to 0C) the wing when cooled to 
0C in about half an hour will remain at 
0C and there will be no further melting 
of snow as it falls and the freezing process, 
if any. will be very slow indeed. The wing 
will remain wet with a maximum of 1 mm. 
of water depth on it (from the half hour's 
melting although, of course, some water 
must have run off) and the subsequent snow- 
will accumulate on the wing, i.e. snow 
equivalent to about 1 mm. of water, corre- 
sponding to the snow falling between 1447 
(naif an hour after landing) and 1 550. At 
1550 the snowfall became very light and at 
1600 the temperature in the meteorological 
enclosure was — 0.2C and the relative hu- 
midity had fallen to 91%. Slow freezing was 
then inevitable provided the air temperature 
in the meteorological screen was typical of 
the air over the whole aerodrome. 

"When dealing with temperatures to one 
tenth of a degree, no meteorologist could 
state positively that this was so. The small 


margin of temperature therefore makes it 
impossible to say with certainty that freezing 
was proceeding. All that seems reasonably 
certain is that there was snow on the wings 
and that beneath the snow there was a thin 
layer of water or ice. Freezing of the water 
film . . , would cause some of the snow 
above to be held and would lead to a rough 
surface to the ice. It could be argued, and 
no one I think could positively contradict 
it, that the freezing of the wet film contain- 
ing embedded snow occurred after the acci- 
dent since the temperature continued to fall 
after the accident.’’ 

That analysis demonstrates both the theo- 
retical uncertainties of the situation and how 
crucial the prevailing meteorological condi- 
tions were to the aircraft's safety. Do the 
observations of the eye-witnesses during the 
second visit to the apron help to resolve the 
uncertainties? We accept, without attaching 
great importance to. Capt. Thain’s observa- 
tion of the small portion of wing he could 
sec from the cockpit. We think the wit- 
nesses who looked down from the terminal 
building, corroborated by the photograph, 
establish that snow was lying on the wing 
and not melting; whether there was ice 
under the snow they could not tell, it was 
submitted that the above-mentioned photo- 
graph showed some water lying under the 
starboard wing at 1550 hr. and that this 
water must have dropped from the wing. 
Darkness on Ground 

We agree that the darkness on the ground, 
contrasting with the white track-marked 
snow elsewhere on the ground, is probably 
water; it lies beneath the inboard section 
of the wing, largely in the vicinity of the 
engine, where melting of any falling snow 
would certainly take place. Whether this 
water came from this aircraft or from an- 
other aircraft which, as the tracks show, had 
previously stood there, and whether it fell 
from the flailing edge of the wing or from 
the vicinity of the engine and ran into the 
position seen in the photograph, it is quite 
impossible to determine. We do not think 
the photograph helps us in this respect. 

Whether or not there was ice under the 
snow on the wing, and whether or not, if 
so, the snow was freezing to it and thicken- 
ing the layer, depends upon a temperature 
variation within so small a compass that, in 



Final Martin P5M Marlin 


Final Martin P5M-2 Marlin ASW amphibian is seen at Martin’s Baltimore plant after com- 
ing off the assembly line. P5M-2 is powered by two 3,400-hp. Wright R-3350-32AV Turbo - 
Compound engines. Aircraft first flew in August, 1953. 


138 


AVIATION WEEK, December 12, 1960 


the light ot the evidence ot Ur. l’enman and 
Mr. Jones, we are unable to find that the 
presence of ice is conclusively established, 
although on balance of probability we think 
it not unlikely that there was at least a thin 
film of ice present under the snow. 

The German report is in substantial ac- 
cord with our reasoning as regards the posi- 
tion up to 1 500 hr. It says, "It is true that 
in the case of the first takeoff at 1519 hr., 
at a temperature of approximately 0C. the 
humidity of the air still amounted to 96%. 
Cooling by evaporation will thus still have 
been slight at this juncture. Only a film of 
ice will have formed on the cooled wing, 
under the layer of snow observed." How- 
ever it goes on to say, “When the last takeoff 
was initiated, however, the air temperature 
was already — 0.2C and the humidity of the 
air was 91%." Thus there existed conditions 
which point to the fact that by the time 
the aircraft taxied out for the third takeoff 
and during the first phase of takeoff, the 
cooling by evaporation had become so highly 
effective that the wet snowy mixture turned 
into the rough sheet of ice which was ob- 
served in the late evening of the same day. 

We were pressed to say that the reasoning 
in the latter passage was erroneous, and Dr. 
Penman was called expressly to deal with 
cooling by evaporation. We need not how- 
ever comment upon his calculations since 
we differ from the view of the German 
Commission as to what happened after 1 500 
hr. because we cannot accept the proposi- 
tion, underlying their reasoning, that the air 
temperature at the wing was exactly the 
same as that at the screen. Moreover we 
think that factors other than evaporative 
cooling, such as the temperature of the up- 
lifted petrol, could be at least as powerful 
in influencing the temperature of the wing. 
Critical Conditions 

It is well known to pilots that ice may- 
form in critical meteorological conditions 
such as those outlined above, and it is com- 
mon practice for precautions to be taken 
in such conditions. See for example Civil 
Aviation Information Circular No. 150 of 
1954, "Tlic Effect of Frost, Ice and Snow- 
on Aircraft Performance. Precautions before 
Takeoff," para. 4(b)(iv) of which states that 
snow "will also lie liable to freeze to the 
surface if the temperature has fallen from 
just above freezing point during the snow. 
It is never safe to assume that snow, though 
apparently of the dry variety, will be 
blown off during takeoff . . . . Particular care 
is necessary when the temperature is in the 
neighborhood of freezing point and delay 
occurs between tile removal of the snow 
and takeoff." An example of the steps 
taken in the prevailing conditions is afforded 
by the evidence of Capt. Wright. On ar- 
rival he inspected the wings of his Viscount. 
.Asked whether this was a routine check he 
agreed but added in those circumstances 
of temperature I would say a specific and 
special check," lie climbed on a stand 
in order to inspect his wings: he found a 
little water and melted snow and if he had 
departed then lie would not have de-iced 
the wings. (He had had his de-icing equip- 
ment switched on while descending through 
cloud but thought it had been switched off 
before landing.) When about an hour later 
he was ready to embark his passengers he 
inspected again; heavier snow was falling 
and he found it freezing to the wings. He 
therefore had the aircraft de-iced. 


The Viscount took off at 1720 hr. Asked 
why he regarded his first check as special, he 
said "because of the temperature and the 
fact of the temperature dropping slowly with 
the length of time on the ground, getting 
dark, and temperatures obviouslv falling, and 
as a matter of interest with a slight precipi- 
tation forming of any frozen kind I would 
always do that." lie had ascertained the 
temperature from the Meteorological Of- 
fice. His evidence continued: 

"Q. Would you regard the temperature 
being at or about zero as being important 
in your consideration of de-icing? 

A. Yes, obviously so. In relation to my 
first check on the wings, the amount of pre- 
cipitation. melted snow, water, was the first 
consideration. If there had been more 
present at that temperature then I would 
have had it dc-iced, but there was so little 
... it was so verv little as to be negli- 
gible." 

The German Commission had evidence 
that similar precautionary action was taken 
bv those responsible for the other aircraft 
taking off from Munich that aftenioon. 
The report went on to say: "In the case of 
all the other aircraft which took off that 
afternoon snow had, in fact, collected on 
the wings and in each case it had been 
removed by personnel of the air transport 
undertakings." This refers to four aircraft 
other than the Elizabethan and the Vis- 
count, namely a DC-3 departing at 1408 
hr., a DC-7C at 1433 hr., a Convair at 
1544 hr. and a DC-6B at 1554 hr. (The 
Cerman report appears to be inaccurate in 
stating that 16 aircraft landed and took off 
in the course of the afternoon. We were 
supplied with a memorandum from the 
station superintendent, Munich, showing 
that after 1 300 hr. (midday GMT) eight 
aircraft landed and the six mentioned above 
departed.) 

Capt. Thain described his action in de- 
tail when giving evidence to us. On alight- 
ing at the apron he found the ground cov- 
ered with watery slush and pools of water 
about an inch deep. Fifteen or 20 min. 
later, after completing the flight plan, he 
met Capt. Raymcnt and discussed the snow- 
fall on the wings: "lie told me that lie 
had looked at the wings and in his opinion 
thev did not need sweeping." He agreed 
with him. Asked why he agreed, he said 
"I could not think of a better authority 
than Capt. Rayment. a senior captain in 
BEA. lie had gone out and looked at the 
wing and he came back and told me he had 
done so," This conversation took place 
outside the Air Traffic Control Office, in 
view of the aircraft. Capt. Raymcnt did not 
say how he had looked at the wings, nor 
did Capt. Thain ask him, but Mr. Black 
was then on top of the wing and there 
would be a ladder in position for his use. 
Capt. Thain said, “I think there is every 
likelihood that Capt. Rayment would have 
used that ladder." 

Running Water 

After the conversation, Capt. Thain vis- 
ited the BEA office, signed the ship's pa- 
pers, and returned to the aircraft, at this 
stage making the observations of water run- 
ning from the wing already detailed above. 
Before he embarked he was approached 
by the station engineer, Mr. Black, who 
asked him if he required the aircraft to 
be de-iced. Capt. Thain did not remember 
this conversation but accepted Mr. Black’s 
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HOW FMC’s 
CHEMICAL AND 
MECHANICAL 
EXPERIENCE 

SOLVES MISSILE 
PROPELLANT PROBLEMS 


Food Machinery and Chemical Corporation, through its 
integrated divisional operation, offers a unique capability 
for the design and production of missile propellant 
handling equipment. 

FMC’s chemical background covers years of research, 
development and production of toxic fuels, including 
high-strength hydrogen peroxide and Dimazine® 
(UDMH). Utilizing this extensive experience, FMC’s 
Ordnance Division has developed many new processes, 
systems, and equipment for use in solving critical prob- 
lems in the handling of missile propellants; among them 
high-accuracy metering equipment, and the Bomarc 
decontamination system. 

For more detailed information on these studies and 
for experienced counsel on missile fueling problems, 
contact FMC, a leading developer and producer of 
chemical propellant compounds and the equipment to 
handle them. 

For further information, write on company letter- 
head to Preliminary Design Engineering Dept., 

FMC Ordnance Division, P. O. Box 367, San Jose, 

Calif. Phone CY press 4-8124. 


FOOD MACHINERY AND CHEMICAL 
CORPORATION 

Ordnance Division 



Illustrated below are some of the 
activities of FMC concerned with 
missile propellants and propellant 
handling equipment, which help 
define a few of the problems 
successfully solved by utilizing 
the combination of chemical and 
mechanical engineering talent 
available. 



FMC’s New Liquid Propellant Metering 
System Achieves Accuracy to +0.1% 



The crucial reliability of multistage missiles is influenced by the 
accurate measurement and delivery of liquid propellant to the missile 
tanks. For example ... a small error in fuel weight could adversely 
affect the in-flight performance of the missile, causing possible failure 
of the entire mission. 

Food Machinery and Chemical Corporation’s Ordnance Division 
has recently developed a mobile liquid propellant metering and han- 
dling system which promises to solve many missile fueling problems. 
The advantages offered by this unique new system are many. 

Accurately measures and records the amount of fuel delivered to 
the missile tanks. Original specifications called for a metering 
accuracy of ±0.2%. Extensive tests, recorded by precision test 
equipment, show that the system is capable of metering and de- 
livering missile propellants with far superior accuracy— to ±0.1%. 

Automatically compensates for factors influencing fueling accuracy. 
The fuel is continuously sampled and the flow corrected for 
variations in temperature and density. In addition, the fuel which 
vaporizes in the missile tanks is returned to the system, condensed, 
measured, and an equivalent amount added by the metering unit. 

Adaptable to many different missile fuels. The system is designed 
to handle such storable liquid propellants as hydrazine, nitrogen 
tetroxide, Dimazine® (UDMH) and nitric acid. 

Economical to manufacture and safe to operate. To reduce devel- 
opment, manufacturing and operating costs, the system makes 
maximum use of standard, interchangeable, and commercially 
available components. The simple and safe design eliminates 
human errors and danger to operating personnel. 

Mobile and compact. All metering, pumping and control equipment 
is mounted on a single, portable trailer. The complete unit may 
be easily transported, rapidly positioned, and provides a single 
station for the monitoring of fueling operations. 

The successful development of this mobile metering and handling 
system by the engineering staff of FMC’s Ordnance Division is 
another achievement made possible by utilizing the unique combina- 
tion of chemical and mechanical engineering talent available at Food 
Machinery and Chemical Corporation. 
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evidence which was that in reply to the 
question Capt. Thain said that lie did not 
consider that the aircraft required de-icing 
at all. After embarking for the first at- 
tempted takeoff, Capt. Thain made no 
further observation of the wings from the 
cockpit. He said he had by then satisfied 

The following are his answers in this 
:t to his counsel: 


!. Did v. 


; any 
ings? 

>ility when you 
>u consider it necessary to 

had addressed your mind 
and I decided that, with 


Q. And it was actually snowing at the 
A.’ Verv' lightly. 

Later, before the final attempted takeoff, 
Capt, Thain again considered the question 
of snow on the wings. His observations from 
the cockpit window have been given above. 
He said he discussed the matter with Capt. 
Rayment, who reported seeing the same con- 
ditions on the port wing, and formed the 
view that there was no necessity for the 
wings to be cither swept or de-iced. By 
this time, he said, there was virtually no 
snow falling, only “a flake here or there." 

Capt. Thain was asked by us whether 
he had ascertained the ground (screen) tern- 

told this before landing, nor making in- 
quiries about it when visiting the meteoro- 
logical office. 

His evidence continued: 

Q. Did you think it 




t the 


I think I was aware of the fact tha 

Q. But in connection with ar ' ~ 

your aircraft, that was the me 
temperature in the whole thermor 


ical 


i. Yes, but 


f the fi 


: the sa 
: that the 




Q. What made you think that? 
A. Perhaps by experience. . . . The 
now falling at the time when we 


Q. You are saying it was wet 
therefore you thought the therm 


Q. Did you give any thought to the pos- 
sibility that it might be going below zero? 
A. I did not think it would be going be- 

° Q* Whv not? 

A. At that particular time it was not far 
advanced in the afternoon. There was 
complete cloud cover. ... I did not 



Courier Tape Reader 

Paper-tape reader, one of two used aboard 

gram sequencing and control, weighs 9 lb. 
and contains 500 ft. of Mylar aluminum 
foil tape, enough for over one year of opera- 
tion. The reader, which provides 16 data 
channels, uses star-wheel sensors to detect 
absence or presence of holes in the tape. 
Unit, which measures only 14 x 71 x 4 in.. 
was designed and produced by Tally Register 
Corp.. Seattle. 


the dangers of icing. He was familiar with 
Circular 150 of 1954 and with a BEA in- 
struction that "captains should . . . make 
absolutely certain immediately before take- 
off that the lift and control surfaces of their 
aircraft are clear of snow." lie said that 
if he had thought that his wings had a tem- 
perature below freezing lie would have had 
them dc-iced- I lc agreed that on his second 
visit to the apron lie took no steps to satisfy 
himself about wing conditions except to ob- 
serve from the cockpit window, and that 
inside the cockpit he was not in a position 
to check the outside temperature (except 
by radio, which w-as not used). As to his 
decision before the last run. lie was asked: 

Q. Is it fair to say you were going on 
general impression and general feeling rather 
than on any observation or any concrete in- 

A. My opinion was based on what I had 
seen of the snow melting on the wing, and 
the general feeling that I had. 

Q. Yes, of course that was some con- 
siderable time earlier, was it not? 

A. It was earlier." . . . (He said it was 
about 40 min. earlier). 

Q. You did not think it right, in view 
of that lapse of time, to ask for specific 


a look at your wings a bit closer too? 

A. No, I was satisfied when I saw that 
the snow that had been on that wing had 
been blown away, the aircraft did not have 
any snow on it.” 

Shown the photograph referred to above, 
Capt. Thain agreed that it gave the im- 
pression of a wing covered with snow out- 
board of the propeller slipstream but free 
of snow behind propeller and engine. He 
agreed that the alteration in color at the 


edge of the slipstream could not be ac- 
counted for by the band of anti-corrosive 
paint. Asked what could account for the 
change of color, other than the edge of 
a covering of snow, he could offer no ex- 


Upon the evidence it was submitted on 
Capt. Thain's behalf that he had acted 
correctly; that every indication which he had 
pointed to a thaw: and that a captain could 

reports of temperature changes. It was fur- 
ther urged upon us that the amount of ice 
which could have formed between the 
first and last departures was infinitcsmal, and 
that we must consider the position of a 
captain with a great deal on his mind. Our 
opinion on this part of the matter is given 


below. 

The runwav at Munich has been length- 
ened since the accident. It was then 190S 
m. long (2,087 yards). It is 200 ft. wide 
and lies at a compass bearing of 249 deg. 
At the material time aircraft were landing 
and taking off from E-N-E to W-S-W. At 
's nearest point (about two-thirds of i|- 


length, 5 


ting from the east) il 


erminai 

slightly 


evidence to the German inquiry is 
in extenso above. Direct evidence 
inquiry was given by three pilots, 
Wright. Capt. Merrifield and Capt. 


Capt. Wright landed his BEA Viscount 
5 min. before the Elizabethan's last run. In 
fact the latter was holding at the end of 
the runway when the Viscount landed. 
Capt. Wright, looking down from an eye- 
level height about 10 ft. from the ground, 
observed the ruts made by aircraft wheels 
in the snow or slush covering the first two- 
thirds of the runway and from them esti- 
mated that the depth of cover was one to 
one and a half inches. The last third was 
covered in slush with large pools of water. 
He saw distinct banks at the edge of the 
runway, as though the snow had been swept 
earlier] The snow or slush on which lie 
landed had a retarding effect, so that instead 
of having to brake, as he would have had 
to do on bare concrete in calm conditions, 
he had slowed to taxiing speed by about the 
midpoint in the runway and thereafter ap- 
plied power. While taxiing he was asked 
by control to report on braking action; he 
applied his brakes and found that "a fair 
amount of braking could be applied without 
causing any sliding." When taking off 
again for London at 1720 hr. the Viscount 
again experienced retardation attributable 
to the slush: it was the practice to time the 
run with a stopwatch; in ordinary conditions, 
with the aircraft lightly loaded as this was, 
the elapsed time to Vs of 106 or 107 kt. 
would be about 23 sec., but to the best of 
Capt, Wright’s recollection it was on this 
occasion nearer 30 see, and the aircraft used 
about two-thirds of the runway before 

On arrival at London Airport it was found 
that the nosc-whccl of the Viscount had on 
the takeoff accumulated a great deal of 
slush which had turned to icc: the back of 
the oleo and the steering jacks were covered 
with a thick coating of ice, estimated as 
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varying between 2 and 5 in. in thickness: 
the steering jacks had disappeared in a ball 

Capt. Mcrrifield had landed another BEA 
Viscount at Munich two days later, on 
Feb. 8, 1958. By then a thaw had set in 
and from the air the runway appeared clear 
although the grass areas of the airfield were 
still snow-covered. About half way down 
the runway this witness found a large pool 
of water 200 to 300 yards long on the 
northern side of the concrete and extending 
to the half-way mark. He landed on the 
south side to avoid the pool, 

First Touchdown 

That part of Capt. Thain’s evidence 
which dealt with the runway was as fol- 
lows. "When wc first touched down the 
aircraft was inclined to slide on what I 

slippery. When we got further down the 
runway we found that the precipitation or 
snow on the runway was rather different: 
it was watery, there were some bare patches 
and the braking effect was quite satisfactory. 
1 reported this to the control tower." He 
did not recollect whether a special braking 
test was carried out, as in Capt. Wright's 
case, but thought they would have braked 
in the normal way: it was Capt. Rayment 
who operated the brakes. He did not re- 
member his aircraft being retarded by slush 
as the Viscount had been. He recalled noth- 
ing special about the state of the runway. 
On the first abortive takeoff the aircraft 
stopped and turned approximately 400 m. 
from the end of the runway, and on the 
second it taxied to the end in order to re- 
turn to the terminal by the perimeter path. 
He did not see the banks of snow on either 
side of the runway spoken of by Capt. 
Wright, nor anything unusual in the state 
of the runway. When taxiing back after 
the second run he had difficulty in identi- 
fying the edge of the perimeter path owing 
to the snow: there were no tracks of other 
aircraft to be seen on this path, so far as 
he remembered. 

We may summarize the direct evidence 

by saying that while Herr Bartz, who exam- 
ined the runway at about 1535 hr. both 
from a vehicle and on foot, gives a picture 
of a runwav covered with slush of a uniform 
depth and consistency ("a jellified water 
mass . . . approximately L to 3 cm. deep”), 
the two pilots noted a difference in con- 
dition between the easterly two-thirds and 
the westerly one-third, and one of them 
gave an estimate of the depth of the first 
part as five times greater than did Herr 
Bartz (one inch = 2.540 cm.) None of 
these witnesses observed any significant 
change in the depth of the cover nor did 
the pilots experience any increased drag 
at any particular part of the runway. With 
these considerations in mind we proceed 
to see what light can be thrown on the 
matter by the behaviour of the aircraft on 
its third and final run. 

The part of Capt. Thain's written state- 
ment dealing with this run has been repro- 
duced above. In evidence he was asked 
what happened when the needle of the 
ASI reached 117 kt. and answered "The 
needle hovered at that speed; it was flicker- 
ing. I waited for an increase in speed, but 
it did not come forward, and after a few 
seconds at that speed the indication fell off 
about four or five knots. It was flickering 
quite a lot. It paused at about 112 kt. 


and then it fell off again to 105, flickering 
quite a lot. I thought I felt at that time 
—well, I certainly felt a lack of acceleration, 
but the thought passed through my mind 
about the accuracy of the instrument. 1 
could not make up my mind. The next 
thing that happened was a cry of alarm from 
Capt. Rayment." He had no idea how 
much runway they had used when Vi was 
attained; he said the needle stayed at 117 
kt. for "several seconds" and at 112 kt. 
for one or two seconds. 

While the speed was at 117 kt. Capt. 
Rayment was operating the elevator trimmer. 
He did not look up from the instruments 
until Capt. Raymcnt's ejaculation: "When 
lie uttered his cry of alarm, things hap- 
pened very quickly indeed. I looked up, 
banged the throttles, and almost at the 
same time he called ‘undercarriage up.’ " 
He was "pretty sure” they had not then 
reached the end of the concrete. It was 
afterward ascertained that the noscwhecl 
retracted but the main wheels did not. He 
was not conscious of the nosewheel retract- 
ing, but “I was aware of a strange feeling of 
believing that I was airborne. We had at 
that time reached a very smooth passage." 
At this stage the nose of the aircraft was up, 
but he had no knowledge of the aircraft's 
attitude up to the time of his colleague's 
cry. He himself did not close the throttles. 
Controller Observations 

Further evidence of this attempted take- 
off is provided by the observations of the 
two air traffic controllers, Laas and Gcntzsch, 
summarized above and by the tracks of 
the aircraft's wheels. The evidence of the 
tracks was given in the German report as 
follows: 

"From the point at which the aircraft 
had broken through the fence its tracks 
could clearly be discerned, extending back 
to the runway. The double track of the 
right side of the undercarriage could be 
followed back to the runway without diffi- 
culty. The left-hand wheel track was in- 
terrupted in places. Nowhere was there 
any nosewheel track to be seen. 

"From the end of the runway to the 
fence, in the direction of takeoff, the 
wheel tracks showed a slight swing to the 
right. Two days after the accident, when 
the snow had melted, the tracks were par- 
ticularly clearly visible. On the runway, 
about 50 m. short of the end, a skidmark 
began. It was clearly visible on the con- 
crete and from the strewn sand which the 
wheels had pushed aside. . . . This mark 
showed that at this point all four wheels 
of the main undercarriage were locked. 
This skidmark continued for approximately 
a further 30 m. beyond the end of the 
runway. It then stopped and there re- 
mained the impression of the free-running 
wheels on the grass surface. The track of 
the right-hand twin wheels was strongly 
marked; that of the left-hand wheels was 
fainter and at times interrupted. The 
track of the right-hand wheels was uni- 
formly clear throughout the whole length 
(250 m.) of the stopway as far as the 
point at which the aircraft crashed through 
the fence. The left-hand wheels had at 
times left the ground. The skidmark and 
wheel-marks were still clearly visible at the 
time of the survey of the scene of the 
accident by the Commission of Inquiry on 
30th April, 1958." 

The track of the rear wheel was also vis- 
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iblc in the snow at the end of the runway: 
see the statement of the witness Meyer, 
mentioned above. 

The time taken by the run can be 
gaged with accuracy from the transcript 
of the tape recording of R/T communica- 
tion between the aircraft and control, in 
conjunction with the written statement of 
Mr. G. W. Rodgers, the radio operator 
of the Elizabethan, lie reported "rolling" 
as the aircraft began to move, this being 
recorded at 1603.06 hr. He heard Capt. 
Rayment call "undercarriage up" and im- 
mediately called control but "before I could 
do more than give the call sign the aircraft 
crashed." The tape records this message 
as commencing at 1 604.00 hr. 

Relevant data is also furnished by the 
Peravia recording of the port engine per- 
formance referred to above. On the record- 
ing the time scale is 2 min. to about & in., 
so that precision as to seconds cannot be 
obtained, hut Mr. Kenward, who inter- 
preted it in evidence, thought lie could 
certainly read it accurately to within 5 
sec. Two traces were recorded on the wax 
cylinder, one showing boost pressure, the 
other rpm. The boost pressure trace shows 
that from the opening of the throttle power 
was applied for approximately 50 sec. After 
20 to 25 sec. the recording fell from about 
59 in. to about 54. presumably from throt- 
tling back, but after 1 0 to 1 5 see. it returned 
to 59. staying at this pressure for a further 
15 see. approximately after which it fell 
abruptly below static pressure, indicating 
that the engine was throttled right back, 
remaining there until it reverted to static 
pressure, as it would when the engine 
stopped. The importance of the record 
lies in its corroborating Capt. Thain's evi- 
dence about throttling hack during the run, 
and in its demonstrating that the throttles 
were cut an appreciable time before the 
crash Owing to the coarseness of the scale 
it is impossible to be precise about the 
length or this time or to say at what point 
on or after the runway it occurred, but Mr. 
Kenward thought it clearly corresponded to 
a point cither near the end of the runway 
or on the overrun area. This, it will be 
recalled, is the vicinity where the skid- 
marks appeared, and as Capt. Tliain neither 
closed the throttles nor braked, it is not 
unlikely that the beginning of the skid- 
mark represents the point where Capt. Ray- 
ment cut power as well as braked. 

Airspeed Drop 

The outstanding feature of Capt. Thain's 
evidence is his firm recollection of the 
airspeed dropping from 117 to 112 and 
then to 105 kt. The German Commission 
rightly pointed out that "for subjective rea- 
sons. statements by witnesses arc subject 
to error precisely when it is a question of 
giving an account of what happened in an 
unnerving catastrophe." Memory plays 
strange tricks with the victims of shock. We 
do not doubt, nor did the German Com- 
mission. that Capt. Thain was giving his 
honest recollection, but in the circumstances 
it may not be an accurate recollection. It is 
certainly a consistent recollection: Capt. 
'Iliain mentioned the drop in speed when 
interrogated by Capt. Reichel two days after 
the accident, according to the transcript 
of the interview furnished to us. 

It was submitted on Capt. Thain's be- 
half that, accepting his evidence as accurate, 
the remarkable deceleration of which he 
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spoke could only be attributed to an in- 
crease in cither the depth or the density 
of the slush or both. The German report 
reconciled the evidence with their view of 
what happened by attributing the drop 
in speed to the applying of the brakes by 
Capt. Raymcnt and by stating that the 
sequence of Capt. Thain’s account showed 
that the deceleration took place towards 
the end of the runway. We find it difficult 
to follow this reasoning. Capt. Thain’s state- 
ment appended to the German report docs 
not, as it seems to ns, necessarily indicate 
that there was little lapse of time between 
the deceleration and the witness looking 
up and seeing the house in front of him. 
Moreover. Capt. Rayment's cry "Christ, we 
won't make it" ran only indicate that up 
to then he had been trying to make it, and 
if that is so he cannot have applied the 
brakes until at any rate the moment of 
the cry. Yet this was after the deceleration 
first to 112 kt. and secondly to 10> kt., 
according to the statement. 

If Capt. Thain's recollection has trans- 
posed the order of events, it is unreliable 
and must be rejected. On the other hand 
it is honestly and consistently given and is 
entitled to consideration. If it is correct, 
we cannot accept braking as the cause of 
deceleration and must look elsewhere. More- 
over, even if Capt. Thain's recollection has 
transposed the order of events we do not 
think braking can have caused the decelera- 
tion of which he spoke. The wheels were 
locked for 90 yards, which at 1 17 kt. would 
be covered in 1 } sec. A deceleration of 1 2 
kt. in this time is nearly ig; this would be 
impossible in the conditions obtaining even 
if the wings were not lifting at all. Since 
the aircraft was at full incidence, such a 
deceleration is doubly impossible as a result 
of braking alone: the probable loss in the 
conditions obtaining would be 1 to 2 kt. 

The deceleration must be caused by either 
a diminution of power or an increase of 
drag. There has never been any question 
of flic former and the cause of the decelera- 
tion must have been drag increase. We 
have considered possible causes and can 
find none save an increase in the depth 
or density of the slush. According to Capt. 
Wright as well as Capt. Tliain. the slush 
changed in character two-thirds of the way 
down the runway from being predominantly 
snow to being predominantly water, i.e. 
its density increased. This, if the depth 
remains constant, must increase its drag, 
and if the increased drag is applied to the 
main wheels, the nose wheel then being 
clear of the ground, the resulting pitching 
moment may return the nose wheel to the 
ground. Once that happens, drag increases 
further since it is applied to sis wheels in- 
stead of four. It is in this connection that 
the evidence of Laas. mentioned above, 
assumes significance. Laas s statement says 
"The aircraft gradually built up speed, the 
nose wheel leaving the ground approximately 
half-way along the runway, but the aircraft 
did not become airborne within a period 
which could be considered as normal. I 
then observed that the pilot pressed the 
nose of the aircraft down again, until the 
nose wheel touched the ground, as if he 
wanted to gain extra "play" in order to 
pull the aircraft off the runway, but I could 
not make out with the naked eye whether 
the aircraft actually became airborne.” This 
clearly accords with the possibility outlined 
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above. It is also consistent with Capt. 
Thain's evidence that when the accelera- 
tion was checked at 117 kt. Capt. Ray- 
mcnt was operating the elevator trimmer. 
The question arises whether it is also con- 
sistent with scientific knowledge of the 
drag effects of slush of varying density. 

At the time of the accident very little 
was known about slush drag, and Dr. 
Schlichting was driven to employ the 
assumption that this drag could be ex- 
pressed as an increase in tnc coefficient of 
rolling friction, taking arbitrarily double or 
alternatively treble this coefficient for his 
calculations. Since that time, however, and 

e rtly because of this accident, more has 
come known on this subject, and it is now 
believed that slush drag increases with 
speed (as indeed Dr. Schlichting suggested) 
whereas rolling friction decreases with 
speed as the weight is taken on the wings. 
One of our number. Prof. Collar, has pre- 
pared a paper giving tentative conclusions 
based on data now available. 

We attach this Appendix in order to 
show tliat there is nothing improbable in 
Capt. Thain’s account, particularly of the 
deceleration. If it is correct, it leads to the 
conclusion that, just as Capt. Raymcnt was 
about to lift his aircraft off the runway his 
nose-wheel came down and by the time he 
had lifted it off by elevator trim he had lost 
the minimum speed (110 kt.) at which, with 
a clean wing, lie could fly off. This inter- 
pretation explains the accident without 
postulating wing icing, although of course 
it does not disprove icing, and it is be- 
cause we think this is a feasible explanation 
of the events that we have already stated 
that no firm conclusion as to ice can be 
drawn from the performance of the aircraft. 
Lack of Evidence 
But we arc far from saying that this is 
what must have occurred. We are not rc- 
uired to ascertain the causes of the acci- 
ent, and if we were so required we should 
be unable to do so for lack of sufficient evi- 
dence. Tire reconstruction conflicts with 
the evidence of a number of persons whom 
we have not seen, for example Gentzsch, 
whose statement about the run is "It began 
rolling normally and built up speed until 
it was about half-way along the runway: 
the nose wheel left the ground, but touched 
down again after about 60-100 m. The air- 
craft continued to roll as far as the very 
end of the runway. . . Also Schombci, 
whose evidence on wing icing is referred 
to above, watched the run, 3nd gave this 
account: "During the takeoff it struck me 
that, approxunatelv from half-way along the 
runway, the pilot was trying, with all his 
might, to get the aircraft off the ground, 
and I noticed the particularly large angle 
of attack. The nose wheel was high in the 
air, the emergency tail wheel, according to 
my observation, was on the ground. This 
attitude became slightly modified during 
the takeoff process. 'Hie nose W’hcel re- 
mained off the ground," Bart/s evidence 
likewise, as to the uniformity of the slush, 
cannot be reconciled with this reconstruc- 
tion. We have already indicated above that 
it would be w r rong to criticize persons who 
have not given oral evidence before us; it 
would be equally indefensible to pick out 
statements favorable to a theory and re- 
ject others. 

Tlie Cerman Commission saw' the wit- 
nesses, or such of them as they wished to 
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sec, and rejected the view canvassed above. 
We have neither the material nor the wish 
to say they were wrong. What we can 
say, however, is that their conclusion is 
not reconcilable with Capt. Thain’s evid- 
ence. We have already given our views 
on the suggestion that the deceleration was 
caused by braking: a further point is that 
the German Commission’s reconstruction 
of the run takes the aircraft to 117 kt. at 
between 1400 and 1600 m., whereas the 
deceleration by braking, as shown by the 
skidmark commenced at 1850 nr. If the air- 
craft reached 117 kt. by 1600 m. it should 
have reached a higher speed by 1850 m. 
unless indeed the slush drag was such as 
to render 117 kt, the maximum obtainable 
speed. Prof. Schlichting shows the aircraft 
reaching 117 kt. at 1550 m„ 120 kt. at 
1650 m„ and 123 kt. at 1800 nr. 

We may leave this part of the case by 
saying that the only evidence of decelera- 
tion during the run (apart from the braking 
at the end of the runway) is that of Capt. 
Thain. We have no reason to reject it, and 
it is not inconsistent with much of the 
other evidence, including the time factor. 
It is however inconsistent with some of 
the evidence, as mentioned above, and if it 
is unreliable, its unreliability is accounted 
for, without the slightest criticism of Capt. 
Thain, by the effect of shock. If one dis- 
cards this evidence, the aircraft attained 
Vi but failed to unstick owing to icing, 
or the slush was of sufficient depth to pre- 
vent V- being attained (Prof, Collar cal- 
culates that on the basis of the data given 
an Elizabethan with a clean wing would 
require the whole runway to attain V* if 
there were uniform waters’ slush of a depth 
of 0.8 in. whereas svith the slush depth 
gis’en by Bartz of } cm. and a clean wing 
it would achieve V 3 at 1300 yards); or of 
course there may be a combination of the 
two factors. Therefore has-ing considered 
fully Capt, Thain’s representations concern- 
ing the final run ss’e are unable to make any 
useful deduction as to either the presence 
of ice or the degree of slush drag. 

Similar Conditions 

Capt. Thain’s description of the runway 
conditions has been recorded above. He 
did not regard it as in any way unusual or 
unfit for use. However, he had had no 
great experience of such conditions in the 
past; asked whether he had encountered 
similar conditions before, he said "I sup- 
pose I have at one time or another . . . 
My particular experience was probably less 
than average because I have been, since 
joining BEA. on flights operated down to 
the Mediterranean." Before the outward 
journey to Belgrade he had not been to 
Munich for "five years, may be three.” 
Prior to the final run, the Elizabethan had 
twice that afternoon taxied over the wes- 
tern end of the runway, once on landing 
and once after the second run, and after 
the first run it had passed the halfway 
mark. We asked Capt. Thain some ques- 
tions regarding his observations on these 
occasions: 

Q. Did it occur to you on any of those 
three occasions when you were at the wes- 
tern end of the runway that in the condi- 
tions it was a matter of some importance 
to know what the runway was like through- 
out the whole of its length? 
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A. Yes. 

Q. Did that lead you to take any special 
precautions by way of looking or gaging 
what the position was? 

A. Well, I was not concerned at all by 
the deposit of slush on the runway. 

y. Why not? 

A. It did not present a problem. 

Q. Would you like to expand that an- 

A. Well, it just did not present a prob- 
lem. 

Q. You felt just as happy with it as you 
would have with a dry concrete runway? 

A. I did not say that, but it did not 
strike me as a problem for taking off. 

Q. Did it occur to you there might be 
differences in the depth of the snow or 
water on it? 

A. No. it did not. 

After Capt. Thain had said that a cap- 
tain accepted responsibility for the safety 
of his aircraft, the evidence continued: 

Q. Including considering the problem of 
whether the runway surface is not safe 
enough to take off on? 

A. I think that, including that. yes. 

Q. You accept that as something which, 
in appropriate circumstances, he should ad- 
dress his mind to? 

A. Yes. 

Q. Have you yourself ever gone out on 
foot or in a vehicle to inspect a runway 
surface before taking off over it? 

A. I cannot recollect having done that. 

Q. Have van heard of it being done by 
other captains? 

A. In isolated circumstances, yes. 

Q. Does it come to yon as a surprising 
statement that other captains may do that 
in some circumstances? 

A. I think you would have to be awfully 
concerned about the state of the runway. 

Q, Before you go and look at it yourself? 

A. Yes. for this reason, that there must 
be a group of airport staff whose job it is 
to service and look after the airfield, and 
they cannot just sit back and do nothing 

tain standard.” 

Throttling Bach 

Capt. Thain said that he did discuss with 
Capt. Raymcnt before the last run one 
aspect of taking off on slush, namely 
whether if throttling back to deal with 
boost surging produced a swing, it could 
be corrected by steering the nosewheel 
without slipping. No other aspect or run- 
wav conditions was discussed, and he was 
quite satisfied. lie did not think the slush 
would retard the aircraft "to any large ex- 
tent,” nor did Capt. Raymcnt mention 
such retardation, lie had not noticed the 
retardation on landing, as Capt. Wright 
had; he thought that although he was not 
at the controls he would have noticed it if 
it had happened. 

There was no evidence that the captain 
of any other aircraft departing from Munich 
that afternoon had experienced any diffi- 
culty with the runway or had thought it 
right to make a personal inspection of its 
surface or to take any other special steps. 
Capt. Wright said that the conditions, 
though not unpreccndcntcd. were not often 
encountered and with his lightly-loaded 
Viscount he did not consider it necessary 
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to inspect the runway, as he had done on 
some occasions. 

There is little that we need add to the 
recital of the facts set out in above, as 
a preliminary to considering the third ques- 
tion put to us. The Peravia record shows 
that at the first attempt power was applied 
to the port engine for about 32 sec. and 
that it toot about 14 sec. to reach full 
power. On the second attempt it toot 
about 25 sec. to reach full power, cor- 
roborating Capt. Thain’s statement that the 
throttles were opened more slowly; power 
was applied for about 32 sec. On both these 
occasions the boost is recorded as reaching 
somewhere between 59 and 60 in. Mr. 
Blact was so familiar with boost surging 
at Munich that on seeing the aircraft re- 
turning to the tarmac, he felt sure it had 
been encountered. 

Having set out the relevant facts, and 
our views on Capt. Thain’s representations 
upon disputed questions of fact, we are now 
in a position to deal with the three ques- 
tions upon which we arc required to give 
our opinion. The first is whether Capt. 
Thain took sufficient steps to satisfy him- 
self that the wings of the aircraft were 
free from ice and snow. In forming our 
views on this question, we have to bear in 
mind that our task is to consider the steps 
which Capt. Thain took up to the third 
and last attempted takeoff. Had the rele- 
vant time been that of the first takeoff the 
considerations would have been different. 
Taxi Clearance 

The aircraft first asked for taxi clearance 
at 1519 hr., and at that time Capt. Thain 
had had recent experience of conditions 
outside the cockpit. lie had not ascer- 
tained the recorded temperature, nor him- 
self inspected the upper surface of the 
wings, but he had had the report, made 
some 40 min. earlier, from Capt, Rayment, 
and he himself had seen the water running 
from the trailing edge. It may be that at 
that stage his decision not to have the 
wings swept or de-iced was correct; the deci- 
sion accorded with Mr. Black's views, and 
Mr. Black had had the best opportunity 
to judge, having been upon the wings 
throughout refueling. But the time we 
have to consider is not 1519 hr. but 1556 
hr., when the Elizabethan reported ready 
to taxi for the last time. It was then at 
least 40 min. and probably longer since 
Capt. Thain had watched the thawed snow 
falling from the wing, and 78 min. since 
refueling had ceased and anyone had in- 
spected the whole upper surface of the 
wings. It was also 56 min. since the screen 
temperature had reached zero and within 4 
min, of the time when the reading was 
taken as — 0.2C. Since the previous deci- 
sion the aircraft had taxied to one end of 
the runway, made two runs, and taxied 
hack from the other end, and, experiencing 
whatever temperature variations there might 
be in its path and having any evaporative 
cooling accelerated by the forced draught 
generated by its speed. 

In these circumstances we have no doubt 
that Capt. Thain ought to have made a per- 
sonal inspection of the wings before reaf- 
firming the decision neither to sweep nor 
to de-ice. Inspection means obtaining a 
ladder or stand and examining the top of 
the wings, not looking at the small portion 
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visible from the cockpit. It is dear from 
the answers reproduced ahox’c that Capt. 
Thain's omission to take this or any other 
positive step originated in his ignorance of 
the ambient temperature, and his failure to 
acquaint himself with the available infor- 
mation on this subject was. in our View, 
a serious error. W e find that lie departed 
with some snow on his wings, in breach of 
the BEA instructions; the factors making it 
impossible for ns to say. positively, on the 
evidence before us whether there was ice 
under the snow, are factors emphasising the 
necessity for practical examination at the 
time. Capt, Thain had then far less infor- 
mation that we have, and the greater the 
doubt the greater the necessity for precau- 
tions. The facts that he was unfamiliar with 
Munich, and had no great experience of 
weather of the kind in question should also 
have led him to act with caution. We think 
it true to say that lie had a great deal on 
his mind, in that he had been unexpectedly 
confronted with tile boost surging; this is 
a matter which mav help to explain his 
actions, but it cnnnoj affect our finding that 
to the first question we must return a 
negative answer. 

In approaching the second question, 
namely whether Capt. Thain took sufficient 
steps to ascertain whether or not in the con- 
ditions prevailing at the time the runway 
was fit for use. we recognize that for a cap- 
tain to make a personal inspection of a 
runway is an extreme and infrequent action. 
Capt. Thain found the runway being used 
without comment by arriving and departing 
aircraft, and regarded as safe by the air- 
port authorities; these matters, as he ac- 


cepts, did not absolve him from responsi- 
bility. hut he was entitled to have regard 
to them. The duty upon him was perhaps 
higher than in the case of captains of some- 
other aircraft using the runway that after- 
noon because of his long takeoff run. 
lengthened by the necessity to correct the 
boost fluctuation; but. as he said in evid- 
ence. Munich was not a marginal airport, 
and he would have had no reason to sus- 
pect that he had not enough runway unless 
lie had possessed a knowledge of the drag 
effects of slush which was not then avail- 
able. Furthermore, had he made an inspec- 
tion and found the conditions to he as 
described by Bartz lie would have rightly 
acccptcd the runway as safe, whereas had 
he noted from the ground, as he had from 
his cockpit, a change in the character of the 
slush at the two-thirds point along the 
runway, he could not be espected, in the 
then prevailing state of knowledge of slush- 
effects. to have appreciated its significance. 
We find therefore that he did take sufficient 
steps to ascertain whether m the prevailing 
conditions the runway was fit for use. 

The third question is whether Capt. 
Thain took sufficient steps to ascertain the 
causc of the difficulties encountered on the 
first two attempts to take off before making 
a third attempt. This question presents no 
difficultv. We have no doubt that Capt. 
Thain acted correctly in consulting with the 
station engineer and that the trouble w-as 
correctly diagnosed. We think he acted 
properly in deciding to make the third at- 

In conclusion, we think it right to empha- 
size that while we arc unable, for the 
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‘ advanced Space tecl 

contracts call for years of research, design and development with r 
Close-knit teams work under outstanding leadership, with plenty of room for growth in both 
Supervisory and Project Engineering fields. You will have opportunities for 
only a pioneering company with young ideas like Ryan provides. And in $ 
you will enjoy the kind of year-round, outdoor living that is envied r — 


engineers: 




■ ELECTRONICS: ANTENNA & MICROWAVE. SERVO AMPLIFIERS & TRANSISTORS. IFF & 

CS: STABILITY & CONTROL. PERFORMANCE, WIND TUNNEL & ANALYSIS ■ THERMODYN 
I EAT TRANSFER. SOLID & LIQUID PROPULSION ■ DYNAMICS: AEROLASTICITY. FLUTTER & 
/EHICLE SIMULATION, AUTOPILOT, GUIDANCE ■ STRESS ANALYSIS: AIRFRAME ■ PRELIMIT 

■ PROJECT ENGINEERING: WEAPON SYSTEMS ■ COMMUNICATIONS: SYSTEM ANALYSIS 
R DESIGNER: MECHANICAL & ELECTRICAL ■ MANAGER: FLIGHT 

E TO: JACK GREGG, PROFESSIONAL EMPLOYMENT, RYAN AERONAU" 



DRIVE, SAN DIEGO 12, CALIFORNIA ^ ^ 


AERONAUTICAL COMPANY, SAN DIEGO, CALIFORNI 
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BASIC TEST FOR MEDIA SELECTION: 




Ask anyone, 
anyone 
you’re trying 
to sell in the 
aerospace market, 
what publication 
he reads and 
respects most. 


Aviation Week 

and Spate Technology 



Analog Computer Lab— Raytheon 



Horizon 

Unlimited 




for those who work at 

Lockheed 


Lockheed is constantly probing all 
sciences related to aircraft and 
space projects. Therefore, its pro- 
gram diversification is unusually 
broad, its opportunities for crea- 
tive men exceptional. 

Fields of endeavor cover the 
complete spectrum — from human 
engineering through celestial me- 
chanics. Consider these interesting 
areas under investigation: 

Design and development of data 
processing equipment; V/STOL 
design and development; electro- 
magnetic research in corona and 
high-altitude breakdown studies, 
surface wave generation, antenna 
vehicle interaction, millimeter 
wave radiometry; electrical instru- 
mentation; infrared and solid state 
physics; biophysics research (on 
radiation hazards coincident with 
space flight); solid state elec- 
tronics; aerothermodynamics; 
dynamics; autocontrols; and 
servosystems. 

Scientists and Engineers: If you 
qualify for work in any of these 
areas; if you want to grow with a 
company that is expanding on all 
fronts- write today to: Mr. E. W. 
Des Lauriers, Manager Profes- 
sional Placement Staff, Dept. 1112, 
2406 No. Hollywood Way, Bur- 
bank, California. 


LOCKHEED 

CALIFORNIA DIVISON 



that the cause of the accident is still not 
established. 

• License aspect. On the licensing aspect 
the association submits that the Munster's 
powers to withhold renewal of a pilot’s 
license should be exercised to maintain the 
level of safety. When the renewal of a 
pilot’s license is impeded subsequent to an 
accident it is important that the cause of 
the accident be established accurately. 

Even an inadequate inquiry may lead to 
improved safety measures, as the Gemian 
inquiry has led to the introduction of in- 
structions to pilots concerning takeoff in 
conditions of slush. But the responsibility 
of a pilot for an accident must be estab- 
lished with a much greater degree of proba- 
bility before his license to practise his pro- 
fession is withdrawn. 

At the time of this particular accident 
Article 17 (vi) of the Air Navigation Order 
(1954) stated that the pilot in command 
should satisfy himself that the wings and 
control surfaces were free from ice and 
hoar frost. This regulation specifically did 
not mention deposits of snow. While it is 
clear, and indeed admitted, that neither of 
the pilots made a physical inspection of 
the wings and control surfaces of the air- 
craft iimncdiateiv before the final attempt 
to take off. this does not mean that both 
pilots were not themselves satisfied as to 
the condition of the aircraft. Tire Fay 
Commission finds that Capt. Tbain failed 
to comply with the regulations. It is be- 
cause it is stated in the conclusions of the 
Fay Commission's report that even if it 
could be proved beyond doubt that no icc 
had been present on the aircraft, the Com- 
mission would still have found that Capt. 
Tliain had failed to comply with the regula- 
tions, that the association accepts the find- 
ing of the Commission on this aspect. 

The Minister reported to the House of 
Commons that his decision on Capt. 
Thain's license would depend upon the re- 
view made by the Fay Commission. Since 
the Fay Commission casts doubts as to the 
validity' of the conclusions of the German 
inquiry which conclusions influenced the 
Minister's attitude toward the renewal of 
the license in the first place, it may be 
expected that renewal will not now be im- 
peded. However, the Fay Commission re- 
port is two-years and eight months subse- 
quent to the accident and the conclusions 
of the German inquiry upon which doubt 
is now cast have resulted in a grave— albeit 
temporary— injustice to Capt. Thain. 

Ill conclusion, there has been criticism 
that the association lias failed to maintain an 
objective position in this matter. It is ap- 
parent from the report of the Commission 
that this criticism cannot Ire upheld and 
that all the facts, even those which argued 
against the case put forward by the associa- 
tion. were laid before the Commission, an 
action to which the Commission pavs speci- 
fic tribute. 

D. Follows 

General Secretary'. 

BALPA 

( Capt. Thain, who was discharged by 
BEA on grounds that he violated regula- 
tions by occupying the right seat when 
he was in command, still holds his li- 
cense. However, his instrument, type 
and medical ratings have lapsed. — Ed.) 


WHO'S WHERE 

(Continued from page 23) 

Changes 

H. P. Roberts, general manager of the 
newly formed Space Systems Technology 
Group. The Siegler Corp.. Los Angeles. 
Calif. 

Robert D. Roche, aerospace development 
sales manager. Lockheed Aircraft's Georgia 
Division, Marietta, Ga, 

R. S. Erickson. director-Polaris computer 
program. Control Data Corp., Minneapolis, 
Minn., and E. D. Zimmer. inanagcr-Polaris 
engineering department. Appointed Polaris 
engineering department supervisors: C. E. 
Pallas. Digital Design Section; T. A. Hauge, 
Analog Design Section: A. O. Hoistad. Me- 
chanical Design Section; P. J. Codnte, 
Specifications and Standards Section. 

The Martin Co.. Baltimore. Md, has 
named Carlos de Moraes as program man- 
ager for Martin's Apollo study contract with 
the National Aeronautics and Space Admin- 
istration. 

Richard L. Shelton, director of opera- 
tions. Telecomputing Corp.'s Whittaker 
Gyro Division. Van Nays, Calif. 

Sanders Associates, Nashua, N. 11., lias 
appointed the following managers in the 
company's newly established Advanced Sys- 
tems Laboratories. Burlington, Mass.: Eth- 
ridge C. Best— advanced weapon systems 
planning; Russell B. Hawes— operations; 
Kenneth Dollingcr— advanced development. 

Darrell D. DonCarlos. manager of by- 
pass engines and rocket sales. Allison Divi- 
sion of General Motors Corp., Indianapolis. 
Ind.. succeeding Richard L. Coffey, now 
manager of Allison's Los Angeles (Calif.) 

John L. Heins, director-defense systems. 
Servo Corporation of America, Hicksvillc, 
N. V 

Robert E. Bell, district sales manager- 
Army programs. General Electric Co/s 
Heavy 'Military Electronics Department, 
with offices in Washington, D. C.. succeed- 
ing H. N. McIntyre, who has been assigned 
to GE’s subsidiary in The Hague. Nether- 

R. M. Maclver, manager. Colorado 
Springs (Colo.) office of the Convair Divi- 
sion of Ceneral Dynamics Corp.. succeeding 
R. W. Warden, Jr., now assistant to the 
director of military relations, Convair, San 
Diego. Calif. 

Avco Corp.'s Research and Advanced De- 
velopment Division, Wilmington. Mass., 
has formed a new undersea projects office 
at New London. Conn., and has named 
Briscoe Chipmnn as director. 

Dr. George K. Chacko, manager-opera- 
tions research. Semiconductor Division, 
Hughes Aircraft Co.. Newport Beach. Calif., 
and Rainer Zulccg. senior staff physicist. 

Space Systems Operations of Ford Motor 
Co.’s Aeronutronics Division. Newport 
Beach. Calif., has appointed the following 
as managers of the Space Surveillance Pro- 
gram: Leigh A. Brite— space surveillance ac- 
tivity; Dr. William T. Clary— systems engi- 
neering: Dr. Gerhard R. \iiczaika— surveil- 
lance technology. 

Frank G. Willey, manager-infrared svs- 
tems. Missile Electronics and Controls bi- 
vision, Radio Corporation of America. Bur- 
lington, Mass. 
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Opportunities in 
Systems Development 



Automating design to 
take out the drudgery 


This circuit design was printed by a computer. 

IBM engineers did the creative work, specifying the 
logic functions desired and the circuits that would do 
the job most efficiently. The machine then checked this 
design. After the errors had been corrected, the com- 
puter determined the proper panel wiring, weighing 
such parameters as inductive noise, lengths of wires in 
alternative routes, and types of wires. 

Freeing engineers for engineering 
In addition to printing out the circuit, in the form 
shown at left, the computer automatically produced 
20 other documents. These included panel wiring data, 
wiring bills of material, systems pages, summary lists, 
and card location charts. Engineers are spared the 
drudgery of this tedious work; and documents are 
complete and error-free. 

Developing this system took the skills and imagination 
of a team of mathematicians and engineers in research, 
development and manufacturing. It also required the 
progressive spirit of a company eager to maintain its 
leadership in systems design and development. 
Careers in many areas 

You may be interested in areas other than computer 
circuitry, such as the pioneering work IBM is doing in 
optics, or cryogenics, or microwaves, or human factors 
engineering. At IBM there are a number of openings 
that offer worlds of opportunity to those individuals 
who want to make important progress on the frontiers 
of science and technology. 

If you have a degree in engineering, mathematics, or 
one of the sciences, plus experience in your field, please 
write briefly, outlining your qualifications, to: 
Manager of Technical Employment 
IBM Corporation, Dept. 524Z2 
590 Madison Avenue 
New York 22, N. Y. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 


IBM 



SEARCHLIGHT SECTION 


EMPLOYMENT OPPORTUNITIES 


FOR SALE 

C-46F AIRCRAFT 

PRICED FOR 
IMMEDIATE SALE 
ON MARK 

DOUGLAS A26 

: sslse , 0 ^.?®,“ 

Career openings for 

WIND TUNNEL MODEL 

T-Ca.egory Ki. Installed 

THE FLYING TIGER LINE INC. 
Burbank, Calif. 

• Bendix Bodar 

SSHiSSEs 

•SSSS-eX 




glider end the Minutemen solid-tal 

FOR SALE 

CONVAIRS 




200 M.P.H. A12 Autopilot 

DOUGLAS DC-6 
DC-6A DC-6B 

Pr.7e torfoy to \lr. IF. B. Evens. 

PRATT & WHITNEY 
R2800 CB16/17 Engines 

250 Pork Avenue, New Voit! 17, New York 




nr agr&^grjgu: 

COLLINS "RADIO COMPANY 

Coll or Coble, Doog Duly 

Jgglp 

FOR SALE 

FOR SALE OR LEASE 

STRATO CRUISER 


,4 AIRCRAFT 

BUSINESS OPPORTUNITY 

>75,000“ 

SSSHS 






Searchlight” 

IS 

’’mss: 




n 1fl« RCCPUPRACT 

help you^sen'whot you 'no long.Tli.ed! 
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FOR SALE— IMMEDIATELY 

Take Advantage Of It 



For Every Business Wan! 

li 1 nt N*V.C. PW-6754. - Aviation Week! 
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EMPLOYMENT OPPORTUNITIES 


LIVE in Southern California! 

GAS TURBINE 
ENGINEERS 

Outstanding openings now 
for qualified 

DESIGN ENGINEERS 
CONTROLS ENGINEERS 
COMBUSTION ENGINEERS 
AEROTHERMO ENGINEERS 

for development projects 
jor production projects 


SOLAR OFFERS PERMANENT employment in n rela- 
tively new and exciting field with a tremendous 
growth potential. Solar is a vigorous, medium-size 
company founded in J927. Solar gas turbine 
engines have already won an international reputa- 
tion. There is an excellent balance between com- 
mercial and military contracts. 

Living in San Diego is delightful. This favored 
area is smog-free, with the finest climate in the 
United States, and has unmatched recreational and 
cultural activities. 

Applicants with BSME or AE plus 3 or more 
years experience are preferred. Inquire note for 
responsible positions in our rapidly expanding pro- 
grams in gas turbines and airborne’ controls. Replies 
will be kept confidential. Write, giving resume, to 
LOUIS KLEIN. Department E-706, Solar Aircraft 
Company, 2200 Pacific Highway, San Diego 12, 


SOLAR 
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Career openings for 

EXPERIENCED 

DRAFTSMEN 


aircraft projects ai the Transport 
Division of Boeing has created a 
number of outstanding career oppor- 
tunities for experienced draftsmen. 
These are long-range openings that 
provide unusual opportunities for you 
to move ahead in your chosen field. 
Requirements include a minimum of 
live years of aircraft experience in 
sheet metal and machined parts 
assembly layout and detail design 
drafting. Non-citizens are eligible. 
These openings are in the Pacific 
Northwest, an area famous for mild 
year-round climate, line schools and 
housing, an abundance of recrea- 
tional facilities and healthful outdoor 
Western living for the whole family. 
Send a resume of your experience, 
today, to Mr. John Friars, Boeing 
Airplane Company, P. 0. Box 
707 - 9XA, Renton, Washington. 

^/ZF/V/r 


FLIGHT INSTRUCTOR 

Needed By 

UNITED AIR LINES 

lege; ^Airline^ or military transport pilot 
dor'Ilo^^umTl’woU^uaHItod! Ago 


CHIEF OF STRUCTURES 
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WANTED: 

ENGINEERS 
TO MARRY- 

THE MANNED BOMBER 
TO THE MISSILE AGE 

Major projects now underway 
at Boeing Wichita have 
created immediate openings 
for Design, Test, and Re- 
search Engineers in: 

ELECTRICAL & ELECTRONICS 

Communications 
Bombing & Guidance 
Fire Control 

AERODYNAMICS 

Stability & Control 

STRUCTURES 

Loads & Criteria 
Dynamics 
Stress Analysis 
Weights 

FLIGHT TEST 

Structures 

Aerodynamics 

Electronics 




D 

□ 


Get the facts about Boeings 
Wichita and mid-Kansas 
living. .. then make your 
own evaluation. 


mhhh 





Write today in complete 
confidence to Mr. Melvin 
Vobach, Boeing Airplane 
Company, Wichita 1, Kans. 





L 


te complete information about Boeing / Wichita and your new "Opportunities Brochure Cl 


e degree(s) in the following: _ 
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EMPLOYMENT OPPORTUNITIES 



New, Important 
Openings at 
Martin for 
WEAPONS 
SYSTEMS 
ENGINEERS 

Expanding missile and space 
programs such as Titan, Apol- 
lo, and Dyna Soar have cre- 
ated a number of immediate 
openings for senior engineers 
and specialists with five or 
more years experience in the 
following fields: 

AERODYNAMICS 
LIQUID ROCKET PROPULSION 
STRUCTURAL DYNAMICS 
STRESS ANALYSIS 
THERMAL ANALYSIS 
GUIDANCE & NAVIGATION 

Also several positions for 
engineers with two or more 
years experience. 

• Work in the environment of 
the leader in missile/space 
technology. 


• Live in beautiful Maryland 
countryside bordering the 
Chesapeake Bay. 


WRITE: Mr. D. C. Parsons, 1 
Professional Employment 
Dept. 21 

The Martin Company 
Baltimore 3, Maryland 


Engineers 

Mathematicians 

Physicists 




Immediate 
Dyna Soar and 
Minnteman 
openings 
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EMPLOYMENT OPPORTUNITIES 


Imaginative, technically creative engineers 
and scientists interested in participating 
in the advancement of space-age technologies 
will find unique opportunities at Boeing. 
Such advanced weapon systems at 
Boeing as Minuteman, and the Dyna Soar 
boost-glide vehicle, offer challenging — 
and deeply rewarding — assignments in a 
broad spectrum of professional disciplines. 


RETURN TO: MR. W. B. EVANS 
AERO-SPACE DIVISION 
BOEING AIRPLANE COMPANY 
P. 0. BOX 3707 - AWB 
SEATTLE 24, WASHINGTON 


PROFESSIONAL POSITION APPLICATION 
(All replies held in strict confidence) 



There are openings at Boeing, now 
area of interest, and at the level you 
require for satisfaction and advancement. 
We’d like lo discuss these assignments 
in the light of your career plans. To 
expedite this discussion, we invite you to 
fill in and mail the professional 
application form at the light. 


1) Have you any phys 




3) Have you ever received disability oi 
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Dutch Bilateral 

It was with much interest that we read 
the article by Mr. L. L. Doty in Aviation 
Week of Oct. 17 (p. 38), concerning the 
bilateral air agreement between the U.S. 
and The Netherlands. 

It is stated in this article that KLM 
officials in Holland have openly hinted to 
AviATtON Week that Dutch withdrawal 
from NATO may be one of the major 
repercussions resulting from failure to grant 
KLM its desired route. 

I would like you to know that this state- 
ment is not correct. It has been confirmed 
to me by my management in Holland that 
no responsible KLM official either in The 
Hague or anywhere else could have ex- 
pressed, or even implied, anything so far 
from the truth. 

From the beginning it has been and con- 
tinues to be the policy of The Netherlands 
to support NATO staunchly. As a matter 
of fact, the record will show you that The 
Netherlands have been one of the champions 
of this organ r/ation. This has very recently 
again been confirmed by Her Majesty the 
Queen of The Netherlands in her address 
from the throne to the Parliament at the 
occasion of opening this year’s session. 


1 rectify this 

D. J. KOELEMAN 

Y'ice President and General 
Manager. U.S. A. 

K. L. M. Royal Dutch Airlines 

New York. N. Y. 

(Mr. Doty's statement is accurate. — Ed.) 

Although it lias been well over a month 
since the article on KLM’s drive for West 
Coast traffic rights appeared in Aviation- 
Week, the longer I consider the Dutch 
attitude in the case the more irritated I 
become. 

It seems to me. first of all, that the U. S. 
is in quite a favorable position to bargain 
as much as it pleases. The only American 
carrier operating to The Netherlands is Pan- 
Am, through Amsterdam alone. I bis route 
— not among PanAm's lucrative trans- 
atlantic routes to other cities — is plainly of 
much less importance to it than these other 
routes (as the system timetable can show), 
whether through competition from KLM 
or simply the desire to attract public interest 
to the other routes that earn more revenues 
for the relative amount of money invested. 

KLM Royal Dutch Airlines, on the other 
hand, derives the majority of its income, I 
am sure, from its New York-Amsterdam 
route, as well as the accrual of both pas- 
sengers continuing onward from Amsterdam 
to other points east and the general prestige 
for itself and The Netherlands. In view of 
these facts, were the U.S. government to 
cancel KLM's operating rights to New York 
(and Houston, for that matter) and also 
advise PanAm to terminate its services to 
Amsterdam, the effect on KLM would be 
cataclysmic, but PanAm would scarcely 
notice the change to its traffic. The likc-1 1- 


Aviation Week welcomes the opinions 
of its readers on the issues raised in the 
magazine's editorial columns. Address 
letters to the Editor. Aviation Week. 
330 IF. 42ml St., New York 36, N. Y. 

give a genuine identification. We will 
not print anonymous letters, but names 
of writers will be withheld on request. 


hood of this situation ever materializing is. 
of course, nil, but it does demonstrate what 
I would consider to be the rather foolish 
and dcfimtclv unfounded KLM assertion 
that the U. S. has little right to bargain on 
an economic basis or, I might add, on any 
basis they might choose to discuss. 

Casting the assertion aside, the issue of 
balance of traffic rights between airlines of 
the two countries can be considered. How- 
ever, here also KLM appears to have little 
ground for argument. As your article states, 
The Netherlands claims it is restricted in 
its operation to the U. S.. being limited to 
four particular routes, while the U.S. lias 
supposedly unlimited rights, from any U. S. 
point to any Dutch territory point. 

Agreed, a written statement of these pro- 
visions appears to give the U.S, an advan- 
tage over The Netherlands, but the number 
ir miles involved is no basis 


- c comfortably rich in traffic 

far as KLM is concerned, while the routes 
open to the U.S. carriers — involving the 
obscure territories of Surinam and the An- 
tilles — are such white elephants, as if the 
Dutch authorities didn t know it. that no 
U.S. carrier avails itself to them. Further- 
more, the right to operate from any and all 
U. S. pouits is too ridiculous even to con- 
sider. Hence the U.S. has unrestricted 
rights to routes worth nothing (except the 
limited-value Amsterdam route) while The 
Netherlands is "restricted" to four routes 
which arc, to them, invaluable. 

Last, the U. S. advised the Dutch officials 
that West Coast rights weren't available to 
just any airline that asked for them, but 
to those that could arrange an equitable 
exchange of economic benefits between the 
U.S. and foreign country involved. The 
Dutch replied, in truth, that no further 
economic benefits could be arranged on 
their part because there were no more to 
be had. 

Well, why should the U. S.. in effect, be 


And there is surely nothing odd about the 
reluctance of U.S. airlines to leap into the 
West Coast-Amsterdam market when the 
returns from the New York-Amsterdam 
market — in comparison with other trans- 
atlantic routes — are only mediocre. If KLM 
and The Netherlands have any remaining 
grounds for argument of West Coast traffic 
rights, it seems to me that they had better 
remove what should be called insolence 
from their plan of attack for obtaining those 




BRUCE IlAXTItAUSEN 

Adclphi College 
Huntington, N. Y. 


SECOR Transponders 

I noticed with interest your article en- 
titled "Transit IIIA Planned for Nov. 29 
Launch" (AW Nov. 7, p. 57). 

As pointed out to me by a number of 
persons interested in Cubic’s activities, this 
article states that the Navy is considering 
elimination of the SECOR transponders 
planned for installation in this satellite. This 
article has caused some misunderstanding as 
it leaves the opinion that the geodetic 
SECOR system was originally considered a 
part of the Transit program. In order to 
clear the air with those persons interested, 
the geodetic SECOR transponder was to 
be carried in Transit on a non-intcrfcrcncc 
basis and is not a part of the Navy's Transit 
program. The geodetic SECOR program 
is 'being sponsored by the Army Map Serv- 
vice and the transponder was planned for 
installation in Transit simply as a courtesy 
and convenience for early checkout of our 
geodetic SECOR mapping equipment. Due 
to recent developments with the Navv’s 
Transit equipment, the geodetic SECOR 
transponder will probably not be placed ill 
Transit IIIA but geodetic SECOR trans- 
ponders will be carried by later Transit 
satellites. In addition, geodetic SECOR 
transponders will be carried in some interim 
geodetic satellites planned by the Army 
and in a number of satellites to be used in a 
Joint Sendees Geodetic Satellite program 
currently in the planning stage. 

Robert V. Werner 
Executive Vice President 
Cubic Corp. 

San Diego, Calif. 

Airline Clubs 

I was amazed to read in the Nov. 21 
issue of your magazine under the topic 
Airline Observer (p. 50), that the CAB is 
making an investigation of the Admirals 
Club and the Ambassador Club, operated 
by two of the domestic airlines. 

It would appear that the CAB would 
have far greater problems than following 
the complaints of a few disgruntled persons 
on such matters. I have been a member 
of one of the elnbs named for 1 5 years and 
the other for three years. Never has it 
even been suggested that I was to get any 
preference because of any membership in 
such clubs. They are in only a few of the 
major cities and cannot be construed as a 
"special deal" for anyone. I do not think 
C. R. Smith, president of American, would 
ever permit such a situation to exist. 

What I think has happened is that 
someone has sounded off, as did one pas- 
senger in the lounge on a trip I made to 
Seattle just recently. He said his boss was 
a member of one of these clubs and could 
even get people removed from a flight. I 
challenged tile statement and the man then 
admitted he had absolutely no proof and 
thought that was what lie had heard his 
boss state. Let’s get more attention to more 
pressing matters-of which there arc many. 

Dos B. Reagan 
Chicago, III. 
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Here’s why the Resistoflex 
Swaged Fitting is your 
Assurance of Reliability! 


Positive seakswaged fitting is unaffected 
by variations in tubing wall thickness; 
leak-proof sealing is maintained by the 
stored elastic energy of socketand nipple. 








Engines by 

Pratt & Whitney Aircraft 

High performance, High reliability 

Fasteners by ESNA 


J-57 


Wasp Jr. 


TYPE Z 1855 


TYPE LH 3417 


Thirty-five years ago the original Wasp engine, de- 
veloped in 1925 by Pratt & Whitney Aircraft, helped 
to catapult America from third rank to world leader- 
ship in aviation. Today its J-57 and J-75 jet engines 
power many of this nation’s highest flying and fastest 
bombers, fighters, and commercial jetliners. Mean- 
while, still newer powerplants, like the XLR-115 
rocket engine, are under development at Pratt & 
Whitney Aircraft’s Florida Research and Develop- 
ment Center. The XLR-115, the nation’s first liquid 
hydrogen rocket engine, will power the Centaur 
space vehicle scheduled for flight in 1961 and will 
boost multi-ton payloads into high orbits or power 
deep space probes. 

Progress in engine design and performance rep- 
resented by these three engines obviously required 
matching improvements in all component categories 
as well. The Elastic Stop® nuts that were standard 
parts for the early Wasps were constantly supple- 
mented by new designs equal to the special tempera- 


ture, load and environmental conditions demanded 
by this power-plant evolution. 

The Elastic Stop nuts illustrated here are speci- 
fied in several sizes for the assembly of pipe flanges, 
brackets, engine mounts and pump flanges of the 
XLR-115. They are typical of the fasteners designed 
for compatibility with the liquid hydrogen environ- 
ment and unusual very high— very low temperature 
demands of this rocket engine. 

ESNA has consistently accepted a full share of 
the responsibility to investigate and propose solu- 
tions for fastening problems created by the chang- 
ing technology of the engine industry. These efforts 
have helped to establish and maintain ESNA’s po- 
sition as the foremost supplier of self-locking nuts 
specifically designed and produced to the unique re- 
liability requirements of the aircraft engine industry. 
Write ESNA for a copy of High Temperature De- 
sign Catalog No. 5918. 



ELASTIC STOP NUT CORPORATION OF AMERICA 

Dept. S56-1225, 2330 Vauxhall Road, Union, N. J. 





